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TEST TARGETS 9.0 – A FINE PUBLICATION
ON PRINT MEDIA TECHNOLOGY
Robert Chung
rycppr@rit.edu

KEYWORDS
content, media, print, publication

ABSTRACT
Painters spend their lifetime to master visual media by expressing the sense of beauty through conscious
arrangement of color and patterns. Tools and materials they use are prett y standard, but their creativity,
as reflected in their artwork, differs from artist to artist and from era to era. RIT School of Print Media
publishes Test Targets annually using standard writing and publishing tools to turn ideas into printed pages. Our creativity is reflected in the exploration of different print media technologies and the visual effect
they achieve. Th is introduction offers readers a glance of the topics addressed by RIT students, faculty, and
staff in Test Targets 9.0. The process ranges from experimentation, documentation, peer review, to fi nished
manuscripts. It also describes how we benchmark two different printing technologies, offset and highspeed inkjet, in terms of their tone and color capabilities, and how we use color management to achieve
color agreement between these two dissimilar printing technologies.

1. INTRODUCTION
I was pondering what to write in the Introduction when I traveled to Scandinavia in September to attend a conference and to visit the Color
Lab in Gjovik, Norway. My mind was undecided
until I visited the Edvard Munch Museum in
Oslo, Norway. Edvard Munch (1863 – 1944), a
native of Oslo (Kristiania), is a world-renowned
artist and a pioneer of expressionism. One of his
masterpieces is The Scream, an expression of
man’s desperation.
There are a number of similarities between
Munch’s paintings and Test Targets publications.
The repeating motifs that Munch painted were
often love, anxiety, and death. The repeating
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topics in Test Targets are printing process control,
color management, and image quality. Both involve a creative process on a flat surface, i.e., what
content to convey on canvas – or express on pages. Both involve a laboring process, i.e., how to
manage time and resource to get the work done.
Munch viewed his artwork as an extension of his
life. He treated his paintings as if they were his
children. After many editions of Test Targets, I feel
the same about the publication as Munch about
his paintings. Indeed, there is a joy in the dissemination of creative outcomes. Like proud parents
showing off their newborn babies, both want to
share the fruit of their creativity with others.

2. CONTENTS IN A NUTSHELL
There are seven technical papers in Test Targets
9.0. Two of them share the theme of printing
standardization and process control. I am the
author of the paper, International Printing Standards, A Value-added Proposition. The paper
points out that printing by craft is an old paradigm, and printing by numbers to realize repeatable and predictable color will be an irreversible
global trend. The second paper, Process Conformance to ISO 12647-2, is a case study authored
by Fred Hsu and me. The paper describes what
it takes to conform to the international printing
standards using a sheet-fed offset press. By printing to numbers, we are able to simplify color
management and to demonstrate color match
from press run to press run.
The third and the fourth papers share the theme
of color measurement and color management.
Scott Millward assesses color difference equations and their abilities to predict visual color
differences. He began with ten sets of Pantone samples in the experiment. Four Pantone
swatches, having approximately six ∆Eab from
a reference Pantone swatch, constitute a set.
Paired comparison tests were conducted to rank
the visual differences between sample swatches
and the reference. Five color difference equations (∆Eab, ∆E94, ∆E00, ∆ECMC, and ∆EDIN99)
were used to determine quantitative color differences. The results show that there is no clear
winner for a color difference equation that outperforms the rest. Changshi Wu is the author of
the paper, Color Agreement among Early-, Intermediate-, and Late-binding Color Workflows.
He examines color image agreement quantitatively and visually via early conversion in Adobe
Photoshop, intermediate conversion in Adobe
Acrobat, and late conversions in the RIP using Epson Stylus 4000, Xerox DocuColor 6060,
and Kodak Nexpress 2100 printing platforms.
One of the challenges that he faces is the need

to separate color variations due to color conversion methods from color variation due to output
devices. The results show that long-term color
variability of printing devices are quite large.
However, color variability among early-, intermediate-, and late-binding methods are quite
small when samples are produced by various
printing devices within a day.
The fi ft h and the sixth papers share the theme
of image quality. Angelica Li studied the difference between visual pleasingness and color
match of pictorial images. Th ree pictorial images
were color managed and output to four different
printing devices: sheet‐fed offset, drop‐on‐demand inkjet, continuous inkjet, and electrophotographic printer. She points out that observers
react differently between selecting a pleasing
image vs. selecting the closest matching image to
a reference. In his paper, Image Quality Assessment According to ISO 13660 and ISO 19751,
Anupam Dhopade reviews key image quality attributes of monochrome printed images based
on the standard. An instrument procedure,
based on ISO 13660, is used to evaluate circularity of halftone tints, raggedness of line, graininess, and mott le of a solid on 14 printed samples.
The seventh paper is on dimensional printing.
Henry Freedman demonstrates the creation and
application of a test pattern to explore the range
of dimensional imaging on a Kodak NexPress
digital press.
Gallery of Visual Interest is a special section
of Test Targets publications. It emphasizes the
use of printed images to illustrate nuances of
color and its reproduction and to tell the story
of print media technology and color management. In this issue, we benchmark color image quality between a Kodak Prosper 5000XL
press and offset printing. On the offset side,
we calibrate the sheet-fed offset printing to
ISO 12647-2 standards and print legacy CMYK
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images and pictorial color images converted
from RGB color space to the standard ECI color
space. On the Kodak Prosper 5000XL press side,
there are two steps to follow. The fi rst step is to
calibrate the inkjet press per Kodak specifications
and print legacy CMYK and ECI (CMYK) images to show color image difference between the
offset and the inkjet. The second step is to color
manage pictorial color images from the offset
(ECI) color space to the inkjet color space using
the ICC device link method. Printed test pages
by both printing platforms are included in this
article, therefore we invite readers to assess the
printed results visually to form their own opinions regarding pictorial color image match between inkjet and offset.
Test forms are standard nomenclatures of
Test Targets publications. Brief descriptions of
all test forms included in the publication are
provided. Some test forms are included in every
issue of Test Targets because they support teaching and learning in the class. Some test forms are
designed to support specific research projects.

3. PROJECT MANAGEMENT
Test Targets 9.0 is an 88-page publication with ten
8-page offset printed signatures, a 4-page Kodak
Prosper 5000XL press printed signature, and
a 4-page Kodak NexPress S3000 press printed
signature. It takes many individuals and nine
months (March to November) to complete. During the fi rst three months, students, enrolled in
the Advanced Color Management class, worked
on individual projects. The professor graded their
reports and suggested how to improve the quality
of the experiment or its documentation. Four students are authors of Test Targets 9.0.
Anupam Dhopade is a student author and a
student coordinator who worked with the
Test Targets Steering Committee in the next
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three months to manage a double-blind peer
review process. In addition, he prepared meeting minutes, organized the digital asset, coordinated the addition of ISBN numbers, obtained
copyright releases from authors, etc.
The last three months were devoted to production, which included imposition, pagination,
copy fitt ing, and the establishment of deadlines. We are fortunate to have RIT Printing
Applications Laboratory (PAL) to perform CTP
and offset presswork. We reply on partners, e.g.,
Kodak Prosper 5000XL press, to provide us with
all necessary items to produce 3,500 copies of
the publication fi nished by Riverside Group.

4. SUMMARY
It is always challenging to balance the content and to meet the deadline at the same time.
When I examined up close those bold, somewhat
arbitrary strokes of reds, yellows, and greens
on Edvard Munch’s self-portrait, I wondered
how many times he questioned himself, “Is this
done?” Yet, looking at his self-portrait from a distance, all these colorful strokes seemed to blend
just right.
Granted the laboring aspect of publishing is inevitable. However, the joy of holding a newly
published Test Targets 9.0, delivered directly
from the bindery, is indescribable. I hope that
this introduction has stimulated your appetite
for more reading.
Enjoy another fi ne edition of Test Targets on
print media technology.

7(&+1,&$/
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INTERNATIONAL PRINTING STANDARDS,
A VALUE-ADDED PROPOSITION*
Robert Chung
rycppr@rit.edu

KEYWORDS
printing, publishing, standards, control, certification

ABSTRACT
The twin issues of quality and productivity have surfaced as key factors for business survival and competitiveness in the printing and publishing industries. In the past, successful printers received fi lms, made
plates, and achieved print-to-proof match by craftsmanship. By investing in wider and faster presses, they
achieved productivity at the same time. Today, successful printers received editorial content and ads in the
form of digital fi les from around the world. They adjusted their computer-to-plate (CTP) operations and
printed at faster speed to numerical specifications. In this new paradigm, it is not uncommon to hear terms
like ISO, PSO, CGATS, GRACoL, G7, and ICC, creeping into the dialogue. But what do these mean and
how will they impact print production operations? That is the rest of the story.

1. INTRODUCTION
Th is is a story about international printing standards, i.e., how the business strategy of publishing and printing has changed in the U.S. and
Europe in the past 20 to 30 years. The business
of publishing and printing, like any industry, is
made up of the supply-side and the demand-side.
The demand-side has needs and wants. The supply-side does its best to meet these needs while
making a profit by seeking workflow solutions to
achieve both quality and productivity.
If we agree that color is a critical indicator
of print quality, then we should look at how
‘print-to-proof ’ match was achieved using fi lmbased proofs by printers in the past, and how

technology automation, such as the introduction of computer-to-plate (CTP) demands a new
approach to digital color proofi ng by adopting
printing standards and color management.
In the past, successful printers in the U.S. received separation fi lms and fi lm-based color
proofs. They used craftsmanship to adjust inking on press to achieve print-to-proof match. By
investing in high-speed presses, they achieved
productivity at the same time. Today, successful
printers receive editorial content and ads in the
form of digital fi les. They adjust their CTP operations, and print at faster speed to ‘numbers’ that
match color-managed proofs. So, the question is
“Why change?”

* Paper presented at Seoul Summit 2009, the fi rst conference of International Printing Standards ISO 12647 in Asia,
July 23, 2009, Plaza Hotel, Seoul, Korea.
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More than 20 years ago, fi lm was used to make
color proofs. Presses were adjusted to match the
appearance of color proofs. Thus, prepress proofs
set color expectations and color management responsibility in the hands of pressmen. When separation fi lm was replaced by CTP in the 1990s,
it created a void in color proofi ng because colorproofi ng technology requires the use of fi lm.

value increase (TVI) of CMYK ramps. Table 2
shows tonal value of input digital dot (1st column)
vs. tonal value of KCMY print dot for offset printing on type 1 gloss-coated paper.

Table 1. Colorimetric aim points for offset
printing – PT1 (coated paper).
ISO 12647-2

1.1 ISSUES AND CHALLENGES
To fi x the void, a number of questions must be
answered. The fi rst question is, “What are the
applicable printing standards?” or “What color
should my_Press print to?” The second question
is, “How do I print to specifications?” or “What
procedures should I use to achieve printing aim
points?” The third question is, “Where do printing standards come from?” or “Who develops
printing standards?” The fourth question is, “If
I’m able to conform to printing specifications,
how do I tell my customer or market my capability to the world?” These questions are all matters
of interest to us all.

2. WHAT ARE THE APPLICABLE
PRINTING STANDARDS?
Standards address common needs by defi ning parameters that are quantifiable, practical,
and achievable. When we talk about international printing standard, we generally mean ISO
12647. ISO 12647 with a cumbersome title of
Graphic technology – Process control for the production of halt-tone colour separations, proof and
production prints is a series of printing standards
developed by ISO/TC130. As an example, ISO
12647-2 (2 refers to Part 2) specifies aim points
for offset printing. Table 1 shows colorimetric aim points for type 1 gloss-coated paper of a
number of color patches (ISO 12647-2, 2004).
In addition to the colorimetric aim points,
ISO 12647-2 also specifies aim points for tonal
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Table 2. TVI aim points for offset printing – PT1
(coated paper).
ISO - Tone Value (BVDM 2006)
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Establishing a color-managed workflow not only
depends on ISO 12647-2 for printing aim points,
but also on other ISO standards, e.g., ISO 2846-1
for colorimetric conformance of ink sets for fourcolor printing, ISO 13655 for colorimetric computation for graphic arts images, ISO 13656 for
application of colorimetry to process control, etc.
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A printing standard, such as ISO 12647-2, covers aim points and tolerances of critical printing
parameters. But, what is not covered in the standard? In this case, ISO 12647-2 does not specify
what hardware and soft ware tools to use, e.g.,
color control patches, color measurement instrument, data analysis soft ware. It does not dictate
how to achieve the conformance either. Th is is
where different groups of people become innovative and this has also been a source of debate for
some and confusion for others.
Fortunately, ISO/TC130 adopted a Technical
Specification, TS 10128, that describes three
methods to digitally match a printing system
to reference characterization data. These three
methods assume that the device to be corrected is repeatable and the corrections can be
applied via (a) TVI adjustment, (b) gray balance
adjustment, and (c) device link adjustment
(ISO/TS 10128, 2009). Let’s take a look at how
each method works.
3.1 TVI ADJUSTMENT
The TVI adjustment takes place channel by channel at the CTP stage by leaving image data alone.
So, it is a device calibration technique involving two press runs with the following procedures: (a) begin with correct inks and paper per
ISO 2846; (b) print with linear plates to achieve
a range of ink fi lm thicknesses; (c) verify the conformance of single solids and overprint solids per
ISO 12647-2; (d) measure CMYK ramps and derived four one-dimensional TVI correction curves.
(Figure 1 is an example of the cyan ramps of the
standard and my_Press and how the TVI adjustment curve is derived); (e) apply TVI adjustments
at CTP when making curved plates; (f) print with
the curved plates under repeatable printing conditions; and (g) verify TVI conformance.
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3. HOW DO I PRINT TO
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Figure 1. Derivation of one-dimensional TVI
correction curve.

3.2 GRAY BALANCE ADJUSTMENT
The gray balance adjustment is a variation of the
TVI adjustment described earlier. To understand how the method works, we’ll defi ne gray
balance and gray balance curve fi rst.
Gray balance refers to CMY overprint that appears neutral or gray under a specific printing
condition, e.g., the overprint of 50C/40M/40Y
appears neutral under a repeatable printing condition. Gray balance curve is the relationship between the CMY dot areas and their corresponding neutrals, expressed as darkness or (100 minus
L*), for the entire tonal scale. Figure 2 shows
two gray balance curves of two printing conditions. Assuming that C1, M1, and Y1 produce a
neutral under the reference printing condition
and the same neutral is printed with C2, M2,
Y2 under my_Press printing condition, a point
in the gray balance correction curves can be derived by mapping between (C1 and C2), (M1 and
M2), and (Y1 and Y2). The process of data mapping needs to be repeated for as many neutrals as
needed to cover the entire tonal scale.
The L*C* plot of C1/M1/Y1, printed by my_
Press, helps verify if the gray balance adjustment
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Figure 2. Derivation of one-dimensional gray balance correction curve.

is implemented correctly (Figure 3). The ‘Before’
curve (solid line) shows the result of printing
C1/M1/Y1 with linear plates; these patches
show colorcast or higher C* at various L* levels.
The ‘After’ curve (dash line) shows the result of
printing C2/M2/Y2 with gray balance adjusted
plates. The adjusted CMY neutral dot areas now
appear neutral as indicated by lowered C* value.

100
L*C* Neutral

90
80
70

After

60
L*
50

Before

40
30

3.3 DEVICE LINK ADJUSTMENT
Device link can be used to adjust image data for
a device that has been calibrated according to
Method 3.1 and 3.2. It can also be used to adjust
image data while leaving the device calibration alone. In other words, instead of using four
transfer curves to reconcile the color difference
between the standard printing conditions and
my_Press, which device link calibration would
do, device link uses one 4-dimensional look-up
table to convert device values from the reference
color space to my_Press color space.
A device link is a type of ICC profi le. It not only
corrects for color differences due to TVI and
gray balance between the two printing devices,
but it also corrects for color differences due to
colorimetric properties of the process inks and
ink trapping.

20
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NXP _TrGB adjust

0
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10 12 14 16

C*

Figure 3. Gray balance verification.

To fi nd out how well the device link method
minimizes color difference between the standard and my_Press, a distribution of color difference (or ∆E) based on many color patches,
e.g., IT8.7/4 or a sub-set of the target, are useful
(Chung and Liu, 2008). Figure 4 shows a cumulative relative frequency (CRF) of ∆E between
the standard data set and my_Press data set. In
this case, if the ∆E at the 90% tile is 4 ∆E or less,
chances are that there is a good color match between the standard and my_Press. If the CRF
curve is farther to the right, the color agreement
between the standard and my_Press will be less.
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Figure 4. Color difference verification.

If the CRF curve moves to the left, the visual
match now improves from ‘good color match’
to ‘no color difference.’ Ultimately, the performance of each of the three methods, i.e., TVI,
gray balance, and device link, can be compared
quantitatively with the use of the CRF of ∆E
assessment method.

4. WHO DEVELOPS PRINTING
STANDARDS?
Standards are developed by consensus by printing industry experts at the national and international levels. The standard development process
is open, voluntary, and non-governmental. As
an example, IDEAlliance is an industry association in the U.S. actively developing and promoting industry standards or best practices, such as
G7. CGATS (Committee of Graphic Arts and
Technologies Standards) is a national standard
committee in the U.S. actively developing and
promoting national standards. Likewise, BVDM
(The German Printing and Media Industries Federation) is an industry association in Germany;
Ugra (Association for the Promotion of Research
in the Graphic Arts Industry) is an industry association in Switzerland. All of these associations
represent their countries as members of the ISO/
TC130 Committee who work together to develop
international standards, e.g., ISO 12647.
TC130 was created in the 1960s and was
dormant until its reactivation in the 1980s. The
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reactivation was prompted by the work of DDES
(Digital Data Exchange Standards) that addressed the need to defi ne, store, and move digital data in a meaningful way. DIN, the German
Institute for Standardization, agreed to serve as
the secretariat. Currently, there are 19 participating members in TC130.
The process of developing international standards goes through a number of document revision stages via face-to-face meetings, email circulations, and balloting before a working draft
(WD) can be elevated in status to committee
draft (CD), draft international standard (DIS),
fi nal draft international standard (FDIS), and
fi nally, international standard (IS).

5. PROCESS CERTIFICATION
Certification refers to the confi rmation of certain characteristics of a process. It is the result of
an audit process, not self-examination. Certification bodies must be creditable, independent, and
unbiased when carrying out process audits.
One may ask, “Why does a printing company
need process certification?” There are two points
of view to consider. First, print buyers prefer to
work with certified printing companies. So, the
motivation is the same as why many companies
are seeking ISO 9001 and ISO 14001 certification. Second, it is a new strategy for printers to
survive and be competitive. To survive is to reduce manufacturing wastes in the plate room
and press room. To be competitive is to differentiate your printing quality from the rest of the
print suppliers.
There are many printing process certification
programs available. The fi rst one is known as
the PSO certification. It is accepted practically worldwide and is offered by Fogra and
Ugra, based on Process Standard Offset (PSO), a
methodology developed by BVDM, based on

ISO 12647-2. Other certifications are available
mainly in Europe, e.g., SCGM (NL) and UKA S
(UK) certifications also based on ISO 12647.
Another certification, offered by IDEAlliance
based on G7 methodology in the U.S., is known
as the Master Printer Certification.
Regardless which process certification is of interest, here are some general guidelines on what a
printer is likely to go through: (a) set up a team
for the certification project; (b) review relevant
methodology and standards; (c) hire a consultant if the above step is deemed difficult to
achieve internally; (d) implement certification
requirements; (e) document standard operating procedures (SOP); (f) contact certification
body; (g) undergo certification audit which includes a press run that will be measured and analyzed by the certification body; and (h) wait for
the evaluation outcome.

6. SUMMARY
We witnessed CTP that improves the print production workflow, printing process control that
enables repeatable color, and digital color management that enables predictable color. The convergence of technology advancements pulls the
printing industry forward. We also witnessed international printing standards that fulfi ll the need
of specifications in process control. When international printing standards represent print buyer’s
expectations, they push the printing industry forward. Between technology push and demand pull,
the printing industry will be transformed.
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The story about international printing standards
does not have an end. But one thing is certain,
i.e., we will recognize that international printing standards and process certification are new
supply-side strategies. Together, they represent
a value-added proposition that elevates printing
as a fi rst-class manufacturing process in printing
and publishing.
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ABSTRACT
ISO 12647-2 specifies colorimetric aim points and tolerances of paper, single solids of C, M, Y, K, two-color
overprints of M+Y, C+Y, and C+M, as well as TVI of C, M, Y, and K. It does not dictate what tools to use or
how to achieve and evaluate the results. Th is case study follows the TVI correction method, as described
in ISO/TS 10128 and implemented with the use of generic tools, including color measurement devices and
Microsoft Excel spreadsheet. The aim of the study is to (1) print with qualified inks, paper, and linear plates
to achieve solid and overprint conformance; (2) derived four one-dimensional transfer curves to reconcile
TVI differences between the press and the standard; (3) apply transfer curves at computer-to-plate (CTP)
and print with the curved plates;and (4) evaluate the process conformance quantitatively using a number
of colorimetric parameters between the Heidelberg sheet-fed Speedmaster 74 offset press and the Fogra 39
characterization data set. Th is paper also discusses factors, such as material (ink and paper) conformance,
measurement backing, and ink dryback , that impact process conformance.

1. INTRODUCTION
Printing process conformance brings a number of
benefits to printers and print buyers. First, color
agreement will result among different printing
presses in different locations. Second, standard
printing does not demand custom ICC profi le in
color-managed workflows because the use of the
standard ICC profi le allows a proof that closely
matches the fi nal result of press in the very early
stage of the workflow. By doing things correctly and simply, we gain added confidence while
avoiding any disappointment to the customer; we
also avoid any unnecessary rework of the prepress
data and associated costly rework.
However, there is a difference between knowing
something and doing it correctly. For example,
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we can study ISO 12647-2 Graphic technology –
Process control for the production of half-tone color
separations, proof and production prints – Part 2.
Offset lithographic process (2004) regarding the
aim points for offset lithographic processes, but
do not necessarily know how to achieve these
aim points. Fortunately, ISO/TS 10128 Graphic
technology – Methods of adjustment of the colour
reproduction of a printing system to match a set
of characterization data (2009) specifies three
methods: 1) matching of tone values curves;
2) use of near neutral scales; and 3) use of
CMYK-to-CMYK multi-dimensional transforms,
to achieve color conformance. Th is case study
demonstrates conformance to ISO 12647-2 by
applying Method 1, matching of tone value
curves as explained in ISO/TS 10128.

2.1 TEST FORM PREPARATION

2. METHODOLOGY

The test form used for press calibration (Figure 1)
includes two randomized IT8.7/4 characterization
targets in two orientations for full analysis and
press run characterization. The two ISO 12640
Standard Color Image Data (SCID) images are
visual reference. The step wedge target is for tone
value increase measurement. The color control
strips can be used for a process control application
such as X-Rite IntelliTrax, SpotOn!, and GMG
PrintControl. The P2P target is used to implement process conformance using the gray balance
method, but it is outside the scope of this paper.

The following materials and equipment were
used in the case study. A Heidelberg sheet-fed
Speedmaster 74 offset press (SM74) was utilized
with an X-Rite IntelliTrax press-side color scanning system. Superior Printing Ink’s Biolocity
ink with KCMY print sequence was used with
aqueous coating. NewPage Sterling Ultra Gloss
Text, 80-lb. was used and is considered an ISO
12647-2 paper type 1, glossy-coated, wood-free.
The color measurement conditions in this case
study are density Status T absolute, D50/2°
CIELAB, and ∆Eab (76).

2.2 INK AND PAPER QUALIFICATION

Major experimental procedures include: (1) test
form preparation, (2) ink and paper qualification, (3) printing with linear plates, (4) curve
generation, (5) printing with curved plates, and
(6) color measurement and analysis. Elaboration
on each of the steps follows.
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Process Conformance to ISO 12647-2

9

Table 1. Paper conformance verification.
Requirement
a*

b*

Gloss

Brightness

GSM

ISO 12647-2 Paper Type 1

95

0

-2

65

89

115

Sterling Ultra Gloss Text 80#

94

1

-5

72

90

116

Tolerance

±3

±2

±2

±5

-

-

ink manufactured by Superior Printing Ink Co.,
Inc. was tested in the RIT Print Applications
Laboratory (PAL) and conforms to IS0 2846-1.
As seen in Table 1, the white point of NewPage
Sterling Ultra Gloss Text, 80-lb., shown in red,
does not conform to ISO mainly in b*. The paper
is too blue due to presence of optical brightening agents (OBA). The gloss, shown in red, is also
higher than ISO specification.

2.3 PRINTING WITH LINEAR PLATES
The implementation of Method 1 requires that
two sequential press runs be conducted: a press
run with linear plates (linear run) and a press
run with curved plates (curved run). Linear
plates were verified with the use of CCDot meter, i.e., plate dot equals digital dot. The CMYK
density and colorimetric values were measured
using the X-Rite IntelliTrax with black backing and adjusted to meet the solid and overprint paper type 1 CIELAB values specified in
ISO 12647-2. The tolerance for solids is 5 ∆Eab.
Two hundred print sample sheets were collected
after color OK. Th ree press sheets were selected
from the sample prints to represent the press
run. Upon colorimetric measurements, averages
of the three press sheets represent the characterization data of the linear run.
The ink density dryback was also investigated.
Although aqueous coating was applied, ink dryback still occurred. Black SID (solid ink density)
lost 0.06, cyan and magenta SID lost 0.02, and
yellow SID lost 0.01.
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2.4 CURVE GENERATION
The press-side color measurement was to achieve
correct ink sett ing by measuring the color control bar. What follows is to measure the full characterization data set to derive the curved plates.
In this study, the IT8.7/4 on the linear test form
was measured by using an X-Rite iSis XL with
white backing. The solid, overprint, and tone value increase (TVI) were analyzed using Microsoft Excel spreadsheet. TVI adjustment curves
were then applied to conform to ISO 12647-2
Curve A (CMY) and Curve B (K) using Kodak
Prinergy RIP.
2.5 PRINTING WITH CURVED PLATES
The curved plates were then printed using the
desired CMYK density in the linear run. The tolerance of TVI is ± 4% for mid-tone and ± 3% for
highlight/shadow. Two hundred printed sample
sheets were collected after color OK. Th ree press
sheets were selected from the sample prints to
represent the press run and a curved run ICC
profi le was built. Upon colorimetric measurements, averages of the three press sheets represent the characterization data of the curved run.

3. RESULTS AND ANALYSIS
Overall press conformance is determined by the
Cumulative Reflective Frequency curve (CRF)
of ∆E between the press run and the reference
characterization data. Partial analysis of the
press run and the standard in terms of solid and
overprint, TVI, mid-tone spread, gray-balance,
and gamut follow.

There are no printed pictorial color reference images, e.g., Altona test images, available at the
Fogra 39 press conditions currently. If these printed images were available, we would have verified
the color agreement visually between the curved
run and the standard.

3.1 CRF OF IT8.7/4 COLOR
CONFORMANCE
The characterization data set of linear run was
compared to the Fogra 39 characterization data
set. The color difference (∆Eab) was plotted as
the CRF curve seen in Figure 2 (gray curve).
The color difference at 90 percentile is 6.33 ∆Eab.
The visual interpretation of such a ∆E magnitude is considered an acceptable color match
(Chung and Shimamura, 2001). By means of
printing the curved plates in a follow-up press
run, the color difference at 90 percentile is reduced to 3.54 ∆Eab (black curve). The visual interpretation of the ∆E magnitude is considered a
good color match. The reduction in ∆E is mainly
due to the TVI adjustment. The remaining color
difference is caused by material, measurement,
and process control related factors.

3.2 SOLID AND OVERPRINT
CONFORMANCE
When analyzing press sheets from the linear
run, the yellow SID is out of tolerance and has
less chroma than its aim point, as shown in the
left-hand side of Table 2. Th is is mainly because
the aim point for the black backing is relatively
lower than that of the white backing. In addition, ink dryback and measurement backing also
contribute to the low density outcome.
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Figure 2. CRF of ΔEab compared to Fogra 39.

Table 2. Solid and overprint color conformance to ISO 12647-2.
Linear run
Color
K

L*
0.7

a*
0.6

b*
1.0

C*
1.1

C

3.0

2.9

1.0

-2.5

M

0.8

-1.8

-1.0

Y

-0.8

-0.8

M+Y

1.7

C+Y

Curved run
H*
-

Eab
1.3

Pass

L*
-0.4

1.8

4.3

Pass

1.0

3.0

-1.0

-0.9

-1.7

1.1

2.2

Pass

0.1

-1.6

-0.4

-6.2

-6.1

1.1

6.3

Fail

-1.1

-0.3

-2.9

-5.8

-5.6

3.2

6.7

Fail

1.1

2.4

6.4

-1.6

-6.5

0.7

7.0

Fail

C+M

4.1

-0.1

1.7

-1.6

0.5

4.4

C+M+Y

3.9

-3.8

-3.4

5.1

-

Paper

-1.8

1.2

-2.2

2.4

Pass/Fail

a*
0.5

b*
0.6

C*
0.8

H*
-

Eab

Pass/Fail

0.9

Pass

3.0

3.3

Pass

-1.5

0.5

1.6

Pass

-2.4

-2.4

0.4

2.7

Pass

-3.0

-2.9

-4.2

0.7

4.4

Pass

0.1

4.5

-0.6

-4.5

1.0

4.6

Pass

Pass

3.0

-1.6

1.1

-1.5

1.2

3.6

Pass

6.5

-

2.6

-6.3

-2.6

6.8

-

7.2

-

3.1

Fail

-2.0

1.3

-2.8

3.0

3.7

Fail
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If we use 5 ∆Eab as the tolerance for overprint
solids, then red and green overprint of the linear run are out of tolerance and they have less
chroma than their aim points. Th is is mainly due
to low yellow SID. By increasing the yellow ink
amount, it not only helps the yellow SID conformance, but also drives red (M+Y) and green
(C+Y) conformance, as shown in the right-hand
side of Table 2.
The white point remains out of tolerance in the
linear run and the curved run. Th is is because
white point is a property of paper and is independent of CTP and printing.
The important fi nding from achieving the solid
and overprint color conformance is the choice
of aim points and measurement backing. When
conducting the press run, the IntelliTrax with
black backing was used to measure the test form
color bar. Therefore, the ISO 12647-2 black
backing aim points were used to justify if color
conformance at the press-side. However, when
measuring the IT8.7/4 by using iSis with white
backing, the ISO 12647-2 white backing aim
points becomes the reference. The white backing aim points have a higher C* and L* than black
backing’s. To conform to solid specifications, it
is recommended that (1) the inking be adjusted

to the high side of the aim point using black
backing, or (2) use white backing aim points in
black backing measurement conditions.

3.3 TVI CONFORMANCE
Table 3 shows the TVI conformance with the
linear plates and with the curved plates. There
are 20 nonconforming TVI values in the linear run (left-hand side) and there is none in the
curved run (right-hand side). Th is is mainly due
to (1) the printing is repeatable between the two
press runs, and (2) the soft ware package used is
effective in creating the correct transfer curves.

3.4 GRAY BALANCE CONFORMANCE
A neutral CMY color list was calculated via the
ISO Coated v2 profi le using ColorTh ink Pro,
i.e., when these CMY patches are printed at the
ISO 12647-2 conditions, the metric chroma (C*)
of these patches approaches zero. The CMY color
list was then converted to CIELAB color space
using the linear and curved run ICC profi les to
examine the gray balance conformance. Figure
3 (left-hand side) shows the L*C* plot of the linear and curved run. It shows that the gray balance of the curved run is slightly improved from
highlight to mid-tone but worse from mid-tone

Table 3. Tables of TVI conformance verification.
Linear run TVI deviation
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Curved run TVI deviation

TV Input

K

C

M

Y

TV Input

K
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Figure 3. Gray balance conformance of L*C* plot (left) and a*b* plot (right).

to shadow. Figure 3 (right-hand side) is an a*b*
plot of these neutral CMY list under linear run
and curved run. We can see that the influence of
(a) paper white on the chromaticity of the highlight region of the neutrals (bluish) and (b) TVI
on the chromaticity of the mid-tone and shadow
region of the neutrals (yellowish and greenish).
Mid-tone spread (S) is quantity, defi ned by ISO
12647-1, indicating the departure from gray
balance between CMY dot area of the aim and
those of the sample. It is interesting to note that
as TVI was brought into conformance, gray
balance of the curved run is not necessarily improved. Th is is consistent with the results of the
mid-tone spread between the two press runs, i.e.,
linear run 0.3 and curved run 2.0. Th is is probably not a general conclusion. Further testing
on the idea of “improving TVI automatically
improving gray balance” is needed.

3.5 GAMUT COMPARISON
The averaged IT8.7/4 measurement of the curved
run samples was then used to build the SM74
ICC profi le. When comparing the SM74 profi le
and ISO Coated v2 (ECI) profi le in ColorTh ink
Pro, (a) the custom profi le is 1/8 smaller than that
of the standard offset color gamut in volume; (b)
the shrinkage mainly is from the white point, corner points, and the 4-color black point. Figure 4,
on the next page, shows the SM74 as true color
and ISO Coated v2 (ECI) as black wire frame.

4. CONCLUSIONS
Th is case study offered us a close-up view of how
to implement the TVI method for color conformance according to ISO 12647-2 (paper type 1).
We were able to demonstrate the solid and overprint conformance using linear plates, and TVI
conformance using the curved plates.
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Figure 4. ColorThink Pro gamut comparison between SM74 and ISO Coated v2 (ECI).

It is important to note that the TVI method
helps improve TVI conformance, but it does not
necessarily improve gray balance conformance.
Th is is why the use of CRF of ∆E and L*C* plots
of CMY neutrals, based on the characterization
data set, becomes necessary to reflect the overall
color conformance.
If the interpretation of the CRF suggests that
there is a noticeable color difference between
the press and the standard, possible root causes
are not shown in the CRF, but are reflected in
partial analyses, e.g., solid and overprint, TVI
curve, gray balance, gamut, and materials. By
identifying and removing the root cause, we will
see better color conformance.
TVI method assumes that qualified materials
with similar printing process are used. When using different materials or crossing printing platform, the other two methods, near neutral scales
and device link, may provide a better solution for
process conformance. They will be examined in
the future studies.
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TEST TARGET FOR MEASURING RELIEF
IMAGING ON A DIGITAL PRESS
Henry B. Freedman
h.freedman@.att.net

ABSTRACT
Combining prepress soft ware and the Kodak NexPress digital press’s fi ft h imaging unit with dimensional
Clear Dry Ink, provides the capability to economically produce commercially accepted relief imagery. Th is
opens significant opportunities for creative designers, using existing off-the-shelf soft ware, to print color
relief electrophotographic printing on a range of substrates. A test pattern page is used to explore the capability of dimensional imaging on Kodak NexPress. Typical process application examples are also provided.

1. INTRODUCTION
Electronically printed pages continue to improve in image quality, speed, reliability, and
run lengths. Digital Printing is growing up. One
recent innovation is demonstrated by Eastman
Kodak Company’s ability to print relief images
with its NexPress digital presses. Kodak calls
this Dimensional Printing. To print digital relief
images, Kodak employs its Dimensional Clear Dry
Ink (DM-CL) toner that, when applied to a substrate and heated at the press fusing system, results
in a printed relief image as high as 28 microns
(Eastman Kodak Co., 2009). Th is advance offers
electronically printed pages the ability to have
the communication benefits of raised imaging.
Creative designers now have a new tool to
communicate with. The images shown at the end
of this article have this clear layer printed inline
on the fi fth imaging unit of the Kodak NexPress
S3000 at RIT (upgraded from 2100 plus). The
technology can be retrofitted to existing two generations old NexPress equipment in the field.
Kodak’s dimensional toner is clear and allows
preprinted color underneath the dimensional
layer to show through. The DM-CL layer can be
created and controlled using existing creative

soft ware such as Adobe Illustrator, Photoshop, or
InDesign and thus does not require specialized
soft ware. Particularly noteworthy is that Kodak has
designed this system without the environmental
impact of volatile organic compounds (VOCs).
The DM-CL toner is child safe; has met some strict
European Food packaging regulations, passing the
ISEGA 2007 European Safe for Food Approval;
and, in addition, has also passed the European
Ingede Method 11 deinking test process (Ingede,
2007; Eastman Kodak Co., 2008).
Examples of digital relief printing include printing the structure of textiles, embossed leather,
surface effects like the texture of wood or the
skin of an orange, or of lizards, and others. In
some applications Kodak dimensional imaging
can replace thermography. With digital relief
printing, additional benefits for the visually
impaired can be achieved, for example, feeling
waterfalls in a picture of Niagara Falls.

2. TEST TARGET
Figure 1 shows a test page with test targets that
allow measurement of Kodak’s DM-CL toner.
The thickness of the clear toner can be varied by
using different tone values, as demonstrated by
the parallel lines targets where toner is applied
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Raised Clear
100% to 20%
by 20% steps

■ 100% K + Raised clear 100%

Figure 1. Dimensional testform.

in steps of 20% increments. Figure 2 shows
that for lines fi ner than .25 mm, black lines are
still resolved, while clear lines start to blend.
However, the resolution of the clear layer is still
far more than can be detected by a fi nger.

Figure 2. Side lit view of resolution test target
shown at 260% magnification.

On page 18, Figures 3 and 4, the book image uses
a clear toner image generated in Photoshop from
the photographic image itself; the flower image
uses a manually drawn clear toner image.

3. PROFILOMETER MEASUREMENTS
During production it might be useful to have
a repeatable way to measure and control
dimensional printing. The printing industry does
not have a standard touch and feel (nor, in our
research, could we fi nd a legal defi nition of the
relief height for Braille printing for the blind). In
a laboratory sett ing, a profi lometer can be used
to measure the height of the relief. In reality, the
measurement to the end user is their fi ngers.

Measurements were made using a Surtronic
3+ profi lometer from Taylor Hobson Ltd. at
the Mechanical Engineering Department at
RIT on the clear layer of the resolution target
which was printed on the test form of Figure 1.
Graph 1 shows the profi lometer trace. Paper
unevenness was in the order of ±10 microns
(not shown). Because of this and also because
the very fine lines melt together, the valleys of
the graph are not all on the same level. But the
relative amplitudes of the lines can still be read as
a function of line width.
The 28 microns that Kodak claims for amplitude
is reached at about a line width of 0.53 mm,
however, wider lines can have an amplitude
of as much as 50 microns. Wider lines have
distortions due to the paper thickness variation.
(For reference, the paper thickness in this book is
ca. 93 microns, a human hair is about 60 microns).
There was no difference in thickness due to the
color of the underlying ink.
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Figure 3. Image using Dimensional layer which
was made in Photoshop.

Figure 4. Image using Dimensional layer which
was made by hand drawing.
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COLOR DIFFERENCE EQUATIONS AND
THEIR ASSESSMENT
Scott Millward
sxm@rit.edu

KEYWORDS
color difference, visual assessment, color measurement

ABSTRACT
In 1976, the International Commission on Illumination, CIE, defi ned a new color space called CIELAB.
It was created to be a visually uniform color space. At the same time the color difference equation ∆Eab was
developed to communicate color tolerances. However, CIELAB is not truly visually uniform, making colors having the same ∆Eab magnitude in different regions of the color space appear of different magnitude.
Instead of developing a new color space, the color science community has developed several other color
difference equations that use higher order mathematics to give more or less weight to CIELAB values in
different areas of the color space, resulting in color difference equations that better correlate with visually
perceived differences.
Th is research uses ten reference Pantone color samples, and four other Pantone colors, which are distanced
about 6 ∆Eab around each reference color. A paired comparison test was conducted so that the perceived
color differences between the reference color and the four sample colors could be ranked. Five color difference equations (ΔEab, ΔE94, ΔE00, ΔECMC, and ΔEDIN99) were evaluated to determine which best correlates
with the perceived color difference. The results show (1) that only four out of ten paired comparison tests
had significant agreement among all 10 observers; (2) the ΔEab equation did a good job in predicting color
differences for near neutrals; and (3) there is no clear winner for a color difference equation that outperforms the rest.

1. INTRODUCTION
CIELAB color space was intended to represent
color by numbers in a visually uniform way. The
difference between two colors can be calculated
easily using an equation developed by the CIE in
1976 called ∆Eab. Th is equation calculates the linear (Euclidian) distance between two points in the
L*a*b* 3D space. Even though, L*a*b* is not truly
visually uniform, it is the standard color space
used by the graphic communications industry.

The human visual system is more sensitive to different kinds of changes and perceives these differences in different magnitudes even though
they may have the same calculated difference.
For instance, the eye is more sensitive to changes
in neutrals than in high-chroma colors having
the same lightness. In addition, the eye is more
sensitive to changes in chroma than changes in
lightness for neutrals, but this is not so for yellows. So the same vector distance may not be
perceptually the same for all colors.
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Many ∆E equations have been created to try to
calculate the perceived difference between two
colors by giving more tolerance to areas that the
eye is not as sensitive to. Th is research will try to
identify which of five equations best describes
the perceived color difference in areas of interest.

2. METHODOLOGY
Th is study is a small-scale experimentation of a
possible way of evaluating color difference equations. Only ten areas of interest were chosen due
to the limitation of using pre-printed Pantone
colors. Th is section explains how the areas of
interest were chosen, preparation of patches for
evaluation, and the evaluation procedure.
2.1 CHOOSING AREAS OF INTEREST
There are data sets, e.g., RIT-DuPont and others
with equal visual differences, that have been developed and used by researchers to evaluate the
performance of different color difference equation. Th is research is organized to identify color
patches with equal, but noticeable color differences as the fi rst step in the assessment of color
difference equations.
Using colorimetric values from measurements
taken from a Pantone swatch book, calculate the
∆Eab of all possible combinations. Determine
which Pantone colors have at least four other
Pantone colors with a ∆Eab of 6.0 (±0.5). An automated script was written to generate this list
for this study. From this list, select ten patches
as areas of interest in different hues, saturations,
and lightnesses, and mark as References R1 to
R10. Select four Pantone colors with a color difference of 6.0 ∆Eab (±0.5) for each reference
patch and mark them as Samples S1 to S4.
2.2 PAIRED COMPARISON EVALUATION
Prepare references and samples by cutt ing
squares from a Pantone Solid Chip book and
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Sample 1

Reference

Reference

Sample 2

Figure 1: Paired comparison setup.

mounting them flush on mounting board. Place
two reference tiles side-by-side separated by
about four inches on the gray table inside a light
booth (D50 lighting was used). Place two samples against the outside edges of the references
(Figure 1). Ask the observer “Which pair demonstrates the smaller color difference?” Continue switching pairs of samples for each combination and recording the observer’s response.

3. RESULTS AND ANALYSIS
Results are reported by selected areas of interest and paired comparison evaluation, followed
by analyses of the five color difference equations
that were used.

3.1 SELECTED AREAS OF INTEREST
Figure 2 shows the Pantone swatches that were
used as reference and sample patches. The
Pantone Library is an example of a large database of colors with preprinted samples. It does
not consist of evenly distributed colors and
therefore does not include a large selection of
patches that meet the requirements for this test.
Most of the viable patches are in the L* 75 to 85
range and are not representative of a typical color gamut. An effort was made to select areas of
interest with different hues and saturations.
Reference 1 (R1) represents a saturated red hue
and Reference 2 (R2) is a chromatic blue. Reference 3 (R3) is a neutral gray that will show colorcasts and changes in lightness. Reference 4 (R4)
is a less chromatic pink than R1; Reference 5
(R5) is a mint green. References 6 (R6) and 7

S1
189 C

S1
304 C

R1
1767 C

S1
452 C

R2
318 C

S4
700 C

S2
203 C

S1
468 C

R6
5793 C

S4
636 C

S2
324 C

R7
5865 C

S4
7493 C

S2
5797 C

S1
3248 C
S3
495 C

S4
570 C

S2
441 C

S3
614 C

R10
4675 C
S4
7513 C

S1
531 C
S3
563 C

S3
5315 C

S3
5803 C

S2
337 C

S1
413 C

S4
538 C

S2
5855 C

S1
4745 C
S3
629 C

R5
564 C

R3
420 C

S4
7501 C

S2
481 C

S1
290 C

R4
517 C

S1
216 C
S3
727 C

R8
657 C

S4
7430 C

S2
678 C

S3
7429 C

S4
7450 C

S2
649 C

S3
7443 C

R9
683 C
S4
690 C

S2
222 C

S3
229 C

Figure 2. Selected Reference and Sample Pantone swatches. Note: This figure was printed with CMYK and may
not represent the actual Pantone colors listed. An effort was made to maintain a similar perceptual difference.

(R7) are both low chromatic yellows with Reference 7 being less chromatic. All of the surrounding samples are more or less chromatic or have
slight hue or lightness shifts. Reference 8 (R8)
is a pale blue color that will show hue shifts in
color. Reference 9 (R9) is a dark maroon color.
Reference 10 (R10) is a flesh tone area and represents one of the memory colors.
3.2 OBSERVERS
Ten observers were chosen from within RIT’s
College of Imaging Arts and Sciences building.
The ages of the observers ranged from 18 to 30
years old. Eight participants were male and two
were female. The group consisted of observers
from India, China, Denmark, and North America for cultural diversity. Five observers were
graduate students in the School of Print Media
with interest and a high degree of experience in
color theory. Th ree observers were undergraduate students who have some experience with color and images because they were enrolled in programs within the College of Imaging Arts and
Sciences. The tenth observer was a visitor to the
school with litt le experience with judging color.

None of the observers were aware if they had any
level of color deficiency when asked.

3.3 PAIRED COMPARISON EVALUATION
Each observer was asked to identify the sample
that demonstrated less color difference to the
reference in each pair. These rankings reflect
the sample that shows the smallest to largest
difference to the reference. Only four of the ten
areas of interest showed a significant agreement
among judges (R1, R3, R4, R6), which indicates
for many of the areas of interest, it is difficult to
choose between two samples that are approximately the same difference, just in different
ways. There were relatively few triads found in
all of the observations, indicating that the judges
are fairly consistent within themselves. These
triads were excluded from the analysis.
In light red Reference 1, there was a significant
agreement among the judges, with a coefficient
of concordance of 0.9. The darker and slightly
less saturated sample (R1S4 – Pantone 700C)
was viewed to be the least different of all the
samples and the much more saturated sample
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(R1S1 – Pantone 189C) was viewed to be the
most different. These two sample patches differed
mostly in the a* where the less saturated patch
matched closer than the more saturated color.
In the light, chromatic blue Reference 2, the
sample that was viewed as the least different
(R2S2 – Pantone 324C) did not change in
lightness very much but was more yellow than
the other samples. Sample 4 (R2S4 – Pantone
636C), which was deemed to have the largest
change, was darker than the other patches and
hue shifted to be more purple. Th is would indicate that we see more change in lightness than
chromatic changes. However there was a low
agreement among judges, with a coefficient of
concordance of 0.32, so this set may not be an
accurate measure.
The neutral gray set (Reference 3) had the highest agreement among judges, with a coefficient
of concordance of 0.95. The slightly darker and
more yellow sample (R3S1 – Pantone 413C)
was viewed to be the most like the reference.
The sample that was viewed as the worst match
(R3S3 – Pantone 5315C) was much lighter and
redder than the reference even though the third
most different sample (R3S4 – Pantone 538C)
was lighter. Neutral colors are more susceptible
to changes in hue and lightness because it does
not take much deviation to get away from the
neutral axis and become noticeable.
In low chromatic pink Reference 4, the patch
that was observed to be the least different (R4S2
– Pantone 678C) was the patch with the lowest
hue difference. It was darker and less chromatic
but there was no hue shift, indicating that this is
important. The largest difference was viewed in
the patch that was greatly darker and more saturated (R4S4 – Pantone 7430C). Th is patch actually had a significantly higher ∆E than the others
so this is to be expected. Th is set also had a high
coefficient of concordance of 0.90.
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In high chromatic mint green Reference 5, the
smallest difference was seen in the patch that
was significantly lighter but approximately the
same chromaticity (R5S2 – Pantone 337C). The
largest difference (R5S1 – Pantone 3248C) was
much more chromatic than the reference indicating that saturation is the influence in this
area. However, there was litt le agreement among
judges, with a coefficient of concordance of 0.35,
so opinions varied.
In low chromatic yellow Reference set 6, the lowest difference (R6S2 – Pantone 5797C) was seen
in the lighter and more chromatic patch and the
most (R6S1 – Pantone 452C) was seen in the
much darker patch. Again this indicates sensitivity to lightness over other factors. The agreement
among judges was high with a coefficient of concordance of 0.90.
Reference 7, another low chromatic yellow, was
difficult to judge according to the coefficient of
concordance of 0.66. The sample that was judged
as the least different (R7S2 – Pantone 5855C) actually had the largest change in lightness (darker)
and was much more chromatic than the others.
It was also the patch that had the smallest hue
shift along with the second least different (R7S3
– Pantone 614C), which also had a large lightness
difference (lighter) and was also more chromatic.
Th is indicates that a hue shift is very important
rather than lightness and chromaticity. Because
the patches ranked fi rst and second were both
very similar in their changes, just in different
degrees, this would explain the lower agreement
among judges. The worst patch (R7S1 – Pantone
468C) had only slight changes in lightness and
chromaticity but had a significant hue shift.
Reference 8, a pale blue, also had a low agreement
among judges with a coefficient of concordance
of 0.44. The patch that showed the least difference (R8S2 – Pantone 649C) was lighter and significantly less chromatic but had a very small hue

shift. The worst patch (R8S1 – Pantone 290C)
had litt le change in saturation and was a litt le
darker but the major change was in the hue. Again
this indicates that a hue shift is most noticeable.
Reference 9, a dark maroon, also had low agreement among judges with a coefficient of concordance of 0.60. The observers stated that this was
a hard set to judge because the difference of each
pairing seemed so similar. Both the observed
lowest (R9S2 – Pantone 222C) and second lowest (R9S3 – Pantone 229C) patches had a small
hue difference and the least different was darker
the change in saturation was lower than the second. The worst patch was significantly less chromatic and much darker than the reference.
The 10th reference set, the flesh tones, did not
have a statistically high agreement among judges
(coefficient of concordance of 0.73) but agreement was close. In this case the chromaticity was
a factor in choosing the least different (R10S2
– Pantone 481C) since the second least different
(R10S3 – Pantone 727C) had less of a hue shift
and both were darker. The worst sample (R10S4 –
Pantone 7513C) and second worst sample (R10S1
– Pantone 4745C) both had large hue shifts.
While not all judges could agree, it seems that,
in lighter colors, a hue shift is most important,
seconded by lightness and chromaticity. Because
this study was limited to patches in the lighter
areas of a typical color gamut, the results can
only be att ributed to these areas. The limited
number of observers also makes the data susceptible to bias. A more fi nely tuned study would
require a more comprehensive selection of areas
of interest that would represent all hues, saturations, and lightnesses of a color gamut as well as
a larger observer base.

man visual system. The paired comparison test
above sets guidelines as to how people perceive
color difference in the areas of interest. Next, the
color difference equations are used to quantify
the perceived differences and compare them to
the guideline.
Each of the five color difference equations used
in this study tries to more accurately match the
visual difference seen by the human visual system than the traditional ΔEab equation. Some
work better than others in different areas. For instance if we compared two colors with L*a*b* values of 50; 48; 73 and 48; 47; 60 the ∆Eab would
be 13.19, which is considered to be very poor and
unacceptable. The same patches when considered using other formulas produce very different results: ∆E94=4.20, ∆E00 =4.91, ∆ECMC=6.84,
∆EDIN99=3.54. ∆E94, ∆E00, and ∆EDIN99 predict that
the patches are different but may be visually acceptable. ∆ECMC was gett ing to the point of being
unacceptable but was half of the ∆Eab equation.
The color difference equations are identified and
shown below with explanations based on the results and analyses of fi ndings.
3.4.A CIE1976 (ΔEab)

As discussed this is the Euclidian distance between two points in a 3D space. Th is would work
fi ne if the L*a*b* color space were visually uniform, but it is not. Th is equation is mathematically easy but does not generally correlate with a
visual difference.

(ISO/DIS 13655, 1996)
3.4.B CIE1994 (ΔE94)

3.4 COLOR DIFFERENCE EQUATIONS
Color difference equations are designed to quantify the color differences as perceived by the hu-

In 1994 the CIE made an attempt to correct for
the visually non-uniformity of L*a*b* by weighting lightness, chroma, and hue in different proportions (Habekost, 2007). The math is not
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overly complicated and correlates better to the
visual difference.

color difference equation is the same as ∆Eab after the color space is warped.

(DIN 6176, 2001)
(Hunt, 2004)
4. DISCUSSION AND CONCLUSION
3.4.C CIE2000 (ΔE00)

∆E00 was an attempt to improve upon the 1994
equation by adding more weighting factors depending on the hue angle of the color (Habekost,
2007). Th is is the most complicated color difference equation mathematically but does tend to
correlate better to the visual difference. There
is some question about the data that was used
to create this equation but it seems to work
(Granger, 2008).

As discussed earlier, the different color difference equations give weightings in different parts
of the color space to better match the differences
seen by the human eye. Th is means that different areas of the color space will show difference
more than others and different factors of the
color difference are more perceivable than others.
Table 1 shows two examples of how visual ranking and calculated rankings agree. The agreement
increased if calculated rank matched the visual
rank of a specific sample.

(Hunt, 2004)

Table 1. Examples of agreement between visual
ranking and calculated rankings. Red indicates match.
Sample

3.4.D COLOR MEASUREMENT COMMITTEE
(ΔECMC)

Th is equation was not created by the CIE but
by the Color Measurement Committee (of the
Society of Dyers and Colourists of Great Britain) and is used primarily in the textile industry.
Again, there is weighting placed on the lightness,
chroma, and hue of the colors (Habekost, 2007).
It is similar to the ∆E94 equation but is slightly
more complicated.

3.4.E DIN99 (ΔEDIN99)

DIN99 is a German standard not well known
in North America. Th is equation warps the actual color space to a more uniform model before
calculating the difference. Th is unique method
makes the math relatively simple; in fact, the
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∆Eab
Rank

∆E94
Rank

∆E00
Rank

∆ECMC
Rank

∆EDIN99
Rank

Reference 3 (R3)
R3S1

1

1

1

1

1

1

R3S2

2

2

2

2

2

2

R3S4

3

4

4

4

4

4

R3S3

4

3

3

3

3

3

2

2

2

2

2

Agreement
Reference 9 (R9)
R9S2

1

1

2

2

2

2

R9S3

2

2

1

1

1

1

R9S4

3

3

4

4

3

3

R9S1

4

4

3

3

4

4

4

0

0

2

2

Agreement

(Hunt, 2004)

Visual
Rank

Figure 3 shows the agreement between the observers’ ranking, of least different patches to
greatest difference, to the calculated difference
of each color difference formula. In some cases
none of the calculated rankings matched the observed rankings and resulted in a zero agreement.
In R1, all five of the equations predicted the
smallest differences as compared to the visual

observations, but did poorly ranking the rest. In
R2 ∆EDIN99 predicted the two least differences
and ∆E94 predicted the worst two, but there was
litt le agreement between observers. In R3 all of
the equations predicted the two least different
patches but switched the more different patches
indicating that neutrals can be calculated by any
equation. Using R4 the ∆E94 and ∆EDIN99 predicted the entire ranking correctly and the others predicted only the least and worst patches. Th is set is
a good indicator of the validity of each equation.
In R5 all but ∆E94 predicted the least different
and ∆E00 and ∆ECMC the third smallest, however
there was litt le agreement between the judges on
this set. Using R6 all of the equations agreed with
the visual rankings with the exception of ∆E94,
which swapped the two least different. R7 was not
agreed upon between judges very well but ∆E00
and ∆ECMC predicted the least different, ∆E00 predicted the second least different and ∆EDIN99 predicted the third different. ∆Eab was way off in R8
not predicting any and actually transposing the
least and most different samples. The other four
equations predicted the least different and ∆ECMC
predicted them all.

Using R9 ∆Eab agreed with all the visual rankings and ∆ECMC and ∆EDIN99 with the two worst
patches. In R10 all but ∆ECMC predicted the least
different and ∆E00 agreed completely.
As seen in Figure 3, the equation that agrees
most with the visual observations is ∆EDIN99 followed by ∆ECMC, ∆E00, ∆Eab, and fi nally ∆E94.
Th is means that ∆EDIN99 or ∆ECMC are most likely to provide a color difference factor that most
closely matches the difference perceived by the
human visual system. Since ∆ECMC and ∆E00 are
very complex formulas, ∆EDIN99 may be a valid
choice for everyday use.
Other studies on the assessment of color difference equations have said that ∆E00 quantify small
perceived color differences more accurately than
other equations (Luo et al., 2004; Johnson, 2006;
Habekost, 2007). While others hold ∆ECMC to
more consistently correlate with perceived differences (Habekost, 2008). These studies use various
methods, color sample base and observer group
sizes, which will vary their fi nal conclusions.
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Figure 3. Agreement between observer ranking and color difference equation rankings. Note: This figure
was printed with CMYK and may not represent the actual Pantone colors listed. An effort was made to
maintain a similar perceptual difference.
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Color has three dimensions. It is difficult to tell if
one of the three att ributes carries more influence
in the visual color assessment than the other two.
A possible improvement of the experiment is to
limit color samples with similar lightness values
by producing color patches varying in hue and
chroma only using ICC color management.
Th is study does not look at the scale of the color
difference, only the rank. Further study is needed to see how accurately and how uniformly
these equations perform in placing a usable scale
of difference on two colors.
A greater number of observers than this study
sampled would also be necessary to average out
the inherent personal bias of two equally different sample patches.
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ABSTRACT
Color management workflow connects the content/design process and the process/printing process together with the use of digital fi les, soft ware, and hardware. Color management addresses color image conversion between the source and its destination. Pictorial color images are primarily in RGB color spaces.
The scenario where RGB-to-CMYK color space conversion takes place defi nes different color management workflows. Early-binding workflow performs RGB-to-CMYK conversion in Adobe Photoshop; the
intermediate-binding workflow performs conversion during PDF generation; late-binding workflow performs RGB-to-CMYK conversion in the RIP.
Th is paper examines the color image agreement between early conversion, intermediate conversion, and
late conversion quantitatively and visually. Test forms with different color space conversion and a legacy
CMYK fi le were printed on Epson Stylus 4000, Xerox DocuColor 6060, and Kodak NexPress 2100. The
results show that: 1) color differences resulting from press variability can be considerably larger than differences due to where color space conversion takes place in the color management workflow; and 2) color
agreement between different workflows depends on the similarity of the computational mechanisms of the
application interface (API) and the Color Management Module (CMM).

1. INTRODUCTION
Color management can make color portable
and predictable in various workflows with minimum human intervention. Color management
applications make it possible to realize color
conversion from input RGB color space to the
output CMYK color space on the fly. A color
management system allows color conversion to
occur at different positions of the workflow. It is

important that color conversion at different scenarios produces the same outcome.
In publication printing, color management can
facilitate the agreement of colors between multimedia publications. Different workflows can
realize specific objectives and meet special requirements, such as soft proof, digital proof, and
production work. Below are the pros and cons of
early-binding and late-binding workflows.
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2. PROS AND CONS OF
BOTH EARLY-BINDING AND
LATE-BINDING
Early-binding and late-binding color management workflows represent two very different digital color production methods.
2.1 EARLY-BINDING WORKFLOW
Publication printing industries, e.g., newspaper
and magazine, are accustomed to early-binding
workflow. Th is method dates back to the fi lmbased color separation era whereby CMYK
separations were needed prior to fi lm assembly,
proofi ng, platemaking, and printing. Today, earlybinding occurs in Adobe Photoshop where RGB
images are converted to CMYK (Figure 1). Major
advantages of the early-binding method include
(a) simplicity in platemaking and printing, and
(b) printers are not responsible for color conversion and color proofi ng (this is the job of prepress
houses). On the other hand, major disadvantages
of early-binding method include (a) premature
gamut clipping, (b) limited to one output device
or loss of portability, and (c) increased fi le size
(CMYK fi le is larger than RGB fi le).

2.2 LATE-BINDING WORKFLOW
The development of digital imaging technology has impacted the photographic industry as
much as it has impacted the publishing printing
industry, i.e., digital camera with CCD sensors
have replaced cameras using silver halide fi lms,
and inkjet printers have replaced wet photographic chemistry. Today, RGB images, upon
capturing and editing, are sent to inkjet printers directly utilizing the late-binding method
(Rodney, 2005). In other words, the printer
driver or RIP carries out the RGB-to-printer
color space conversion directly (Figure 2). Major
advantages of the late-binding method include
(a) higher color portability; (b) gamut preserved
till the output stage; (c) relatively small fi le
size (RGB fi le is smaller than CMYK fi le); and
(d) flexibility in cross-media publishing. Major
disadvantages of late-binding method include (a)
complexities of color spaces that are associated
with multiple images within the same document,
and (b) uncertainty of color predictability when
source images are from multiple locations and
output devices are unknown or undefi ned.

Photoshop

Photoshop
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Leave IT8 as
legacy CMYK

Leave IT8 as
legacy CMYK

Save PCRI as
tagged RGB

Color conversion
from PCRI RGB
to CMYK

InDesign

Export PDF by preserving
CMYK numbers

RIP

No color conversion

InDesign

Export PDF without color conversion,
but tagging RGB profiles

RIP

Color conversion from RGB to CMYK

Press

Press

Figure 1. Early-binding workflow.

Figure 2. Late-binding workflow.
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2.3 INTERMEDIATE-BINDING
WORKFLOW

4.1 DEVICE STABILITY OVER TIME

As color management technology continues to
evolve, it is possible to address color conversion
in the middle of the digital color imaging workflow. Therefore, the color management application interface (API) in pagination soft ware, e.g.,
Adobe InDesign, and API in PDF-based utilities,
e.g., Alwan PDF Standardizer, becomes an intermediate-binding workflow enabler (Alwan Color
Expertise, 2008). See Figure 3.
Photoshop

Leave IT8 as
legacy CMYK

Save PCRI as
tagged RGB

InDesign

Export PDF by color conversion from
PCRI RGB to CMYK

RIP

No color conversion

Press

Figure 3. Intermediate-binding workflow.

3. OBJECTIVES
1. Find out device stability over time (also
known as temporal consistency).

The only way we can know where the disagreement exists is by measuring and looking at an
actual print on paper. Th is implies that color disagreement between prints could also come from
variability of the printing devices. Therefore, if
device variability is not very small, it will make
it very difficult to detect small differences due to
binding workflow.
The original IT8 Basic target is defi ned in terms
of CMYK values. Therefore, different binding
workflows have no effect since the target is already CMYK and does not need to be converted.
For this reason, the IT8 target is only subject to
print variability, while the PCRI chart (which
is an RGB fi le showing sample colors that were
collected from vaious images) is subject to both,
print variability and variability of binding workflows. Therefore, if it is found that the total variability of the PCRI chart is bigger than the variability of the IT8 target, the difference could be
due to binding workflow.
Within one month, on different days, the following sheets were printed: 5 test sheets for each
workflow for Xerox DocuColor 6060; 3 test
sheets for each workflow for Epson Stylus 4000;
and 2 test sheets for each workflow for Kodak
NexPress 2100.

2. Find out the degree of color agreement
among the three color conversion methods.

4.2 PROCEDURAL STEPS FOR FINDING
THE DEGREE OF COLOR AGREEMENT
AMONG THE THREE COLOR
CONVERSION METHODS

3. Answer the question, “What could be the
causes for the difference of the color agreement among different workflows?”

1. Output profi les were made for Epson Stylus
4000, Xerox DocuColor 6060, and Kodak
NexPress 2100.

4. METHODOLOGY
The methodology discusses two aspects: 1. device stability over time; and 2. the procedural
steps for fi nding the degree of color agreement
among the three color conversion methods.

2. A test form was designed with two PCRI images, one PCRI chart, and one IT8 Basic target
(Figure 4). PCRI images were used for subjective visual comparison; the PCRI chart was used
for quantitative comparison; the IT8 Basic target
was used to test the repeatability of the press.
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Figure 4. Test form arrangement.

3. Besides press variability, there is another potential source of variability for the binding workflows: the CMMs (Color Management Modules)
may be different for different RIPs or APIs such
as Adobe Photoshop, InDesign, or Acrobat. The
applied rendering intents could also be different. To test for this, different RIPs are required,
which, in this investigation, meant that different
output devices had to be used. Table 1 shows the
different applications and RIPs used to realize
these three workflows.
The test form was printed over several days during a month on Epson 4000, Xerox DocuColor
6060, and Kodak NexPress 3000 printers. On
each printer, early-binding, intermediate-binding, and late-binding workflows were used.
4. Measure CIELAB values for IT8 target and
PCRI chart on each print.
5. The color measurements from the test charts
are in terms of CIELAB. There are many patches
in each chart. To make comparisons between
different workflows, this large number of data

points needs to be reduced to one number per
data set. Th is was achieved by fi rst taking the
average of the three workflows for each patch of
each target of each print. Then, the ΔEab color
difference between each patch and this reference
average was calculated. Th is reduces the three
dimensional measurement to a single dimension
and cancels out the overall magnitude of the color of that patch. But there are still too many data
points. By plott ing the Cumulative Relative Frequency (CRF) of all the patch deviations, e.g.,
see Chart 1 (Chung and Shimamura, 2001), and
then fi nding the 90 percentile value, it is possible
to reduce the number of data points to a single
number per workflow and print. Now, these 90
percentile numbers can be compared to evaluate
color differences among the three workflows.
6. Perform subjective visual comparison.

5. DATA ANALYSIS
Various causes for the color differences were investigated. Each cause requires a different reference. When doing the analysis of the measurements, reference R1-IT8 is defi ned as the average
measurement for a given press for each patch
of the IT8 target within one day, and, similarly,
R1-PCRI is defi ned as the average measurement
for a given press for each patch of the PCRI chart
within one day. Reference R2 is defi ned as the
average measurement of a given press for each
patch of the IT8 target within one month (for
Kodak NexPress 2100, it is the average of 6 test
sheets for two days; for Epson Stylus 4000, 9 test
sheets for 3 days; for Xerox DocuColor 6060,

Table 1. Setup of Early-, Intermediate-, and Late-binding.

Color management
applications (API)
Color Management
Modules (CMM)
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Early-binding

Intermediate-binding

Late-binding

Photoshop

InDesign

Press’s RIP

Adobe (ACE)

Adobe (ACE)

ColorBurst, Fiery 6000
RIP, or NexStation

15 test sheets for 5 days). R1-IT8 and R1-PCRI
will be used for calculations of Table 2; R2 was
used for calculation of Chart 1.

is much smaller comparing with that within one
month. Th is indicates a higher color consistency
within one day than within one month.

5.1 PRESS REPEATABILITY WITHIN ONE
MONTH FOR XEROX DOCUCOLOR 6060

5.3 COLOR AGREEMENT BETWEEN
EARLY-, INTERMEDIATE-, AND
LATE-BINDING

Chart 1 shows the Cumulative Relative Frequency (CRF) of the color differences between
each patch of IT8 of each press sheet with corresponding patch of R2. Different days show different amounts of variability. For instance: at the
90 percentile of the curves, Day3 curves (three
black curves) have the least difference (about
7 ΔEab), and Day5 curves (three brown curves)
have the largest difference (about 14 to 15 ΔEab).
Curves of any given day are very much alike. In
other words, the Xerox 6060 shows higher stability within one day than within one month.
Similar curves could be made for the other output devices, but they are not shown here.

Cumulative Relative Frequency

1.0
D1 Early
D1 PDF
D1 Late
D2 Early
D2 PDF
D2 Late
D3 Early
D3 PDF
D3 Late
D4 Early
D4 PDF
D4 Late
D5 Early
D5 PDF
D5 Late

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

The right side of Table 2 shows the color difference of ΔEab at the 90 percentile level of the
CRF curves between each workflow of the PCRI
charts relative to R1-PCRI for all three printers.
When comparing with the left side of Table 2, a
larger color difference within one day is shown
even though the IT8 targets and the PCRI
charts are printed on the same press sheet for
each workflow. Therefore they are both subject
to the same printing variability. But the PCRI
chart data is additionally also subject to the differences due to the changes of the workflows.
Table 2. Comparing color differences at the 90
percentile between IT8 targets and PCRI charts.
EpsonStylus 4000_ IT8 Basic
PCRI chart
Day
Mean
IT8 target
Early PDF Late
1
0.4 0.5 0.6 0.5
0.9
1.5
1.1
2
0.3 0.4 0.4 0.3
0.8
1.0
1.3
3
0.4 0.6 0.7 0.5
0.9
1.1
1.5
Mean 0.3 0.5 0.6 0.5
0.9
1.2
1.3

5.2 PRESS REPEATABILITY WITHIN
ONE DAY

Xerox 6060_ IT8 Basic
PCRI chart
Day
Mean
IT8 target
Early PDF Late
1
0.8 1.0 1.1 0.9
1.7
1.7
3.0
2
0.9 1.1 0.8 0.9
1.5
1.7
2.9
3
1.1 1.5 1.0 1.2
2.0
2.0
2.5
4
0.8 1.0 1.0 0.9
1.8
1.7
3.0
5
0.8 0.9 1.0 0.9
1.8
1.8
2.9
Mean 0.9 1.1 1.0 1.0
1.8
1.8
2.9

The left side of the Table 2 shows the color difference of ΔEab at the 90 percentile of the CRF
curves between each workflow of the IT8 target
relative to R1-IT8. It is obvious that the choice
of a different reference gives a different comparison result. The color difference within one day

NexPress 2100_ IT8 Basic
PCRI chart
IT8 target
Mean
Early PDF Late
1
0.7 0.8 0.8 0.8
2.3
2.1
4.7
2
0.8 0.7 0.7 0.7
3.0
2.4
5.2
Mean 0.7 0.8 0.8 0.7
2.7
2.3
5.0

0.0

0

5

10
15
Delta Eab

20

25

Chart 1. Color consistency of Xerox
6060 indicated from IT8 target.

Day
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Therefore, the higher number for the PCRI
charts indicates that there is an effect due to the
change of workflows.
In general, the numbers for PCRI data in Table 2
for late-binding are bigger than for early- and
intermediate-binding. One possible explanation
for this pattern could be the fact that different
CMMs were used for the different workflows
as shown in Table 1. Actually, the early- and
intermediate-binding workflows both use Adobe CMM and also have similar ΔEab differences
as shown in Table 2. On the other hand, the
late-binding workflows use different CMMs

and also have higher ΔEab differences. Different
CMMs differ in their precision and their calculations of white point adaptation and interpolation
methods (Fraser, Murphy, & Bunting, 2004).
Potentially, the late-binding workflows also use
different rendering intents.

6. OUTCOME OF SUBJECTIVE
VISUAL COMPARISON
Th ree PCRI images were cut from the press
sheet of each workflow and each was glued on
a gray color panel with a label on the back of
the panel. These three panels were shown to

Table 3. Subjective visual comparison on three workflows within one day printed by EpsonStylus 4000.

Epson Stylus
4000
Observer 1
Observer 2
Observer 3
Observer 4
Observer 5
Observer 6
Observer 7
Observer 8
Observer 9
Observer 10

Question 1
Intermediate
Late Binding
Binding
X
X
X
X
X
X
X
X
X
X

Early Binding

Question 2
Intermediate
Binding
X

Late Binding

X
X
X
X
X
X
X
X
X

Table 4. Subjective visual comparison on three workflows within one day printed by Kodak NexPress 2100.

Kodak Nexpress
2100
Observer 1
Observer 2
Observer 3
Observer 4
Observer 5
Observer 6
Observer 7
Observer 8
Observer 9
Observer 10
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Question 1
Intermediate
Late Binding
Binding
X
X
X
X
X
X
X
X
X
X
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Early Binding

Question 2
Intermediate
Binding

Late Binding
X

X
X
X
X
X
X
X
X
X

10 observers, one at a time, in a light booth under D50 illumination. Two questions were asked
from the observers. For question 1, the early-binding panel was shown as a reference, and
then the question was asked, “Which of the other two panels is a better match to the reference
in terms of tone and color?” Question 2 was,
“Which one of these three panels is least like the
other two in terms of tone and color?” The answers are summarized in Table 3.
Table 3 clearly indicates that the responses are
prett y random. Th is is no surprise since the differences are in the order of magnitude of 1 ΔEab,
as shown in Table 2. Therefore, although there
are systematic measurable differences, they are
not visually significant.

variability of printing devices in terms of weeks
are quite large, i.e., 7-15 ∆Eab. But short-term color variability (within a day) are quite small, i.e.,
0.3-1 ∆Eab. Therefore, it was important that the
workflow-dependent prints are output one right
after the other within a day.
In terms of conversion-dependent color variation, the results show that overall color variation
due to conversion method, although small in
magnitude, is greater than device variation. The
extraneous variation is believed due to different
CMMs and color rendering intents used in API.
Th is fi nding is further verified by subjective visual comparison whereby the visual match between early- and intermediate-binding is better
than that of early- and late-binding. In conclusion, color agreement among early-, intermediate-, and late-binding workflows is acceptable if
printing devices are repeatable and if CMM and
rendering intents are aligned.

Table 4 shows the subjective visual comparison results of Kodak NexPress 2100: all of the
observers chose the PCRI image of intermediate-binding as the one closer to the PCRI image of early-binding; 8 of 10 observers chose
the PCRI image of late-binding as the one least
like the other two. Both questions indicate that
the PCRI image printed for late-binding workflow shows larger difference from the other two,
which correlates with the data in the Table 2.

8. FUTURE WORK

The differences between Table 3 and Table 4 are
the magnitude of the differences. The difference
for the Epson inkjet shows the same pattern as
does NexPress, but they were too small to be
visually significant.

9. REFERENCES

7. CONCLUSION
One of the challenges in this project is the need
to separate color variations due to color conversion methods from color variation due to output
devices. IT8.7/3 (Basic) target was used to assess
device variation and the PCRI chart was used
to assess color variation due to color conversion
methods. The results show that long-term color

One of the improvements to the experimental
design of this experiment could be the use of
Analysis of Variance to determine the statistical
significance of the differences due to color binding workflows.
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world color management. Peachpit Press, NY,
p. 86, 186, 275.
Rodney A. (2005). Color management for photographers: Hands on techniques for Photoshop users.
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A STUDY OF VISUAL PLEASINGNESS AND
COLOR MATCH OF PICTORIAL IMAGES
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ABSTRACT
The perception of visual pleasingness is a subjective response based on the merit of an image alone, while
color match is a subjective response based on the comparison between an image and a reference. To study
the difference between the subjective choice of pleasingness and color match and if quantitative parameters may serve as useful predictors, three pictorial images were used as input materials and output to four
calibrated printing devices: sheet‐fed offset, drop‐on‐demand inkjet, continuous inkjet, and electrophotographic. The two workflows used were: (1) to print to the full gamut of the device to achieve visual pleasingness, and (2) to print to match the reference device to achieve color match via profi le conversion.
Th is paper details research in which seven observers performed two paired comparison tests to (1) select
the more pleasing image and (2) select the closest matching image to a provided reference. In terms of
visual pleasingness, the results show that the sheet-fed offset image was judged as the most pleasing image while the ranking of the other devices varied. For closest match to a reference, an offset image was
judged visually as the best visual color match to the provided reference. Results also indicate that quantitative parameters (e.g., chroma, hue, paper brightness, color gamut) do not correlate to visual pleasingness of pictorial images. However, there is a correlation between addressability and visual pleasingness.
Findings also indicate that color difference (∆E) between colors of interest in the reference and the sample
can be a useful indicator of color match to a reference image.

1. INTRODUCTION
The visual evaluation of prints is a subjective
process, which differs depending on the purpose
of the evaluation. When print buyers are judging color proofs, the criterion is based on visual
pleasingness, which is highly influenced by an
individual’s preference or bias. When print buyers perform press-side color approval, the criterion is based on color match between the press
sheet and the color proof.

The criteria used to evaluate prints for visual
pleasingness and color match are both subjective
in nature. The question is, “Can the criteria used
for visual evaluation be correlated with quantitative device- and image-based parameters?”

2. LITERATURE REVIEW
The visual evaluation of pictorial images and color reproduction is heavily shaped by subjective
influences and is not backed by strong scientific
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fi ndings (Field, 2004, p. 318). In color approval,
Field states that there is “no one objective goal
that will produce the ‘correct’ result” (p. 323),
therefore “variability… is the norm.” Th is statement applies to all visual evaluation and describes how it is difficult to obtain predictable results from a subjective process. Observers form
opinions that are more emotional than rational
(p. 318) and there is a necessity for a more structured and scientific approach to the formation of
these opinions (Hunt, 2004, p. 163). Paired comparison testing is one such approach, allowing
for the quantitative assessment of the subjective
difference between two images as perceived by
an observer or judge (p. 163).

visually when looking for pleasingness or color
match is a crucial part of understanding the various factors that come into play when observers
evaluate pictorial images.

The numerous subjective influences on visual
evaluation include those based on the observer
and the specific situation. The physiological and
psychological characteristics of the observer
have an effect on visual evaluation results (Field,
1998, p. 131). For instance, trained and untrained observers may place more or less emphasis on different areas in an image (Hunt, 2004,
p. 163) and also the individual’s perception of
“excellence” will shape what they judge as a good
image (Field, 1998, p. 131). The picture content
of the image, its end use, and the purpose of the
evaluation also affect observer perceptions (p.
131) — observers will respond differently if they
are looking for a pleasing image versus one that
best matches a reference.

In terms of preferred color reproduction, examples in research has shown how color preference
for certain objects in reproduced images may
differ from real-life color. Hunt describes a preference test for the quality of color reproduction
in reflection prints that indicated that the preferred skin color and grass color is more yellow
(sun-tanned, and brighter) than the average real
skin or grass color. For blue sky, the preferred
hue is similar to its real life color; however, the
preferred color has a much higher purity (greater chroma) (p. 176). Considering the numerous
influences on visual evaluation, these observed
preferences should be regarded as examples
(p. 177), however, generalized preferences could
be gleaned through further study.

“Pleasingness” is defi ned ambiguously as something that gives pleasure, or something agreeable
and liked by the senses; the visual pleasingness
of a printed image is not clearly defi ned and may
be interpreted differently depending on the observer. There is less room for interpretation when
determining if an image matches a reference because it requires an observer to select an image
based on its similarity or exactness to the provided reference. Studying how observers respond
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Previous studies have revealed patterns in judgment variability and preferred color reproduction. Research in black and white tone reproduction found numerous variables in individual
perception and judgment. For instance, there is
variation when the same observer judges a reproduction at different times. Another cause of variability, or lack of agreement amongst judges, is
an observer’s bias for or against the subject matter in the image. (Field, 2004, p. 319)

3. OBJECTIVES
Th is research seeks to provide insight into the
following three research questions:
1. Will printing technology and image content
contribute to the subjective evaluation of pictorial images in terms of visual pleasingness?

2. Will printing technology and image content contribute to the subjective evaluation of pictorial
images in terms of color match to a reference?
3. Do device-based or image-based quantitative
parameters correlate with subjective rankings?

4. METHODOLOGY
The following section details the procedures used
to investigate the three objectives of this research.
4.1 PAIRED COMPARISON TESTING
Paired comparisons were used to rank three sets
of pictorial color images produced by different
printing technologies. The test for Objective 1
was on the basis of visual pleasingness; the test
for Objective 2 was on color match to a reference.
Paired comparison tests were completed in a
GTI viewing booth under standard D50 lighting and recorded in a customized spreadsheet
that handles statistical analysis using four samples. Samples were mounted onto neutral gray
board. To eliminate the factor of gloss from the
subjective evaluation, tests were performed with
a clear plastic sheet over all samples (Figure 1).
To prevent external influences on color judgments and reduce light contamination, all ambient lights were off. As strongly colored objects
may “distort” the color temperature of viewing
conditions (Field, 2004, p. 318), observers wearing strongly colored clothing were asked to cover
themselves with a neutral shirt.

Observers were sampled from university-level
students in graphic art related fields ranging from
print science, to photography, and new media
arts. The majority of observers (five out of seven)
had no previous image evaluation experience,
while two observers had briefly worked in the
printing industry in a lithographic pressroom setting. The sampling included four male observers
and three female with no known color deficiencies (deficiency tests were not performed, however observers stated that they passed the Ishihara
Test for Color Blindness on previous occasions.)
The procedure for the test was: observers were
approached and asked if they could spare 15 to
20 minutes for a visual image evaluation experiment. The purpose of the test was not discussed
until after judgments were completed. For the
two paired comparison tests, four samples were
labeled A through D for each of the three images,
resulting in 12 total samples. During the test, each
sample was compared to the others in randomly
sequenced pairs (A-B, A-C, A-D, B-C, B-D, C-D)
for a total of 18 side-by-side comparisons.
In the test for visual pleasingness (Objective 1), the
observer was asked for each pair: “Which of the two
prints do you fi nd most pleasing in terms of color?”
In the test for color match (Objective 2) a sheetfed printed sample was provided as the reference. The observer was asked for each pair:
“Which of the two prints is a closer match to the
reference in terms of color?”
After judgments were complete, observers were
asked to comment on how they made their observations and what portions of each image they focused
on the most. These comments were used to select
the key color swatches for quantitative analysis.
4.2 PRINTING TECHNOLOGY

Figure 1. An example of paired comparison
setup for visual pleasingness.

The IT8.7/4 characterization target was used
to create printer profi les for output in this
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research. Targets were printed without applying
curves, and measured using an X-Rite Eye-One
iSis spectrophotometer and X-Rite/Gretag
MeasureTool soft ware. Printer profi les were generated from spectral measurements in X-Rite/
Gretag Profi leMaker 5.0 soft ware.
Four devices were used to output the sample
prints in this research:
•
•
•
•

Sheetfed offset lithographic (SF)
Electrophotographic (EP)
Inkjet (IJ_1)
Inkjet (IJ_2)

All prints were on similar coated text stocks. The
two workflows were: (Objective 1) printing to
the device’s full gamut, and (Objective 2) printing color-managed images to match the reference
device via profi le conversion.

Twenty-four printed images were collected for
this research, and included four samples (SF,
EP, IJ_1, IJ_2) of three images (knife, bread,
and produce) for each objective. During paired
comparison tests, color patches on printed images were covered giving a viewed image size of
3 inches wide by 3.4 inches high.
4.4 DEVICE- AND IMAGE-BASED
COLORIMETRIC ANALYSES
To approach Objective 3, device-based and image-based colorimetric parameters will be analyzed (including hue, chroma, color gamut, ∆E,
and addressability). Observations will be made
to determine if quantitative parameters can be
indicative of visual pleasingness or selection
of color match. A limitation to this is that there
must be a strong agreement among the observers
if quantitative parameters are to correlate to subjective visual evaluation.

4.3 PICTORIAL IMAGES
The Adobe RGB test images printed for visual evaluation were the knife, bread, and produce images
from the PCRI 2 (Pictorial Color Reference Images, second series) image-set (Figure 2). These images were selected due to the presence of memory
colors, for instance, steel grey and common food
colors such as tomato red, cheddar orange, and lettuce green. These colors make these images good for
visual assessment because people have established
pre-conceptions on what memory colors should
look like, and errors (such as in hue) are more serious and noticeable (Hunt, 2004, p. 167).

5. RESULTS AND DISCUSSION
The following section outlines the results of the
paired comparison test for visual pleasingness,
measured hue and chroma for key color swatches,
and other criteria for pleasingness.

5.1 OBJECTIVE 1: VISUAL PLEASINGNESS
The paired comparison utilized four samples of
each image. Seven judges were asked: “Which of
the two prints do you fi nd most pleasing in terms
of color?”
5.1.A PREFERRED PRINTING TECHNOLOGY

Figure 2. PCRI 2 images used in this lab (from
Left: Knife, Bread, and Produce).
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For paired comparison results, judges who are
consistent have no triads, or no confl icting comparison judgements. W is the coefficient of concordance, which is the agreement between judges
(0= no agreement, 1= perfect agreement). Real
difference indicates that a print has been judged
as containing differences from the other samples.

All seven judges were consistent in the test for
visual pleasingness. For the knife image, there
was minimal agreement (W=0.31) between
judges, and a real difference in the SF print. For
the bread image, there was no agreement (W=0)
between judges and no real differences in any
print. For the produce image, there was minimal
agreement (W=0.25) between judges and no real
differences in any print.
The sheet-fed sample was ranked as the most preferred; there was no clear pattern in preference
for the other devices (low agreement or large
variability amongst judges). The ranking for each
print is shown in Table 1.
Table 1. Ranking for visual pleasingness.

Table 2. Device-based quantitative parameters.
Quantitative Parameters
SF

EP

IJ_1

IJ_2

86%

88%

87%

83%

Gamut
Volume

384,251

509,099

457,730

561,664

Addressability
(dpi)

2400 x
2400

600 x
600

600 x
600

1440 x
720

Paper
Brightness

Tables 3 and 4. Image-based quantitative
parameters (hue and chroma).
Hue (h)
Color

SF

EP

IJ_2

IJ_1

Knife Background

268

276

212

244

Knife Blade

271

299

210

138

Color

SF

IJ_1

EP

IJ_2

Bread Waffle

75

73

71

78

Bread Slices

69

82

72

83

1st

2nd

3rd

4th

Knife

SF

EP

IJ_2

IJ_1

Bread

SF

IJ_1

EP

IJ_2

Color

SF

EP

IJ_1

IJ_2

Produce

SF

EP

IJ_1

IJ_2

Produce Lettuce

102

99

104

97

Produce Tomato

34

36

42

42

The paired comparison test revealed that sheetfed offset lithographic printing technology produced the most visually pleasing images. To determine what quantitative parameters influence
visual pleasingness, device- and image-based factors were analyzed in all samples.
5.1.B DEVICE-BASED ANALYSES

Device-based quantitative parameters include paper brightness, device color gamut, and addressability (Table 2). The most preferred print (SF
technology) had the smallest gamut and was
not on the brightest paper, indicating that the
these two parameters do not correlate to visual
pleasingness. The exception is that there is an observed positive correlation between addressability
and visual pleasingness.
5.1.C IMAGE-BASED ANALYSES

Hue and chroma are image-based parameters. Key
color swatches were used to measure the hue and

h of most preferred print
Chroma (C*)
Color

SF

EP

IJ_2

IJ_1

Knife Background

7

8

5

3

Knife Blade

12

12

9

2

Color

SF

IJ_1

EP

IJ_2

Bread Waffle

51

68

55

65

Bread Slices

10

39

11

17

Color

SF

EP

IJ_1

IJ_2

Produce Lettuce

49

51

49

56

Produce Tomato

63

66

63

67

Lowest C*

Highest C*

chroma of the printed samples (Tables 3 and 4).
These colors were chosen based on judges’ comment on what areas they focused on the most.
In the image-based colorimetric analysis of hue
and chroma, there were no strong patterns, indicating that there is no correlation between hue
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angle or chroma and visual pleasingness. Th is
is because visual pleasingness is highly subjective depending on the individual. The “correct”
rendering of memory colors is weighted heavily
in pleasing preference, however there is no consistent correct hue. For instance, for the bread
image, half of the judges chose warm (toasted)
bread as the most pleasing, while the other half
preferred cooler (non-toasted) bread. Th is clearly illustrates that individual bias towards image
content will affect judge preference.
Th is research focuses on quantitative (instrument-based) parameters that approximate subjective responses. For instance, if it is observed that
tomato red is most pleasing at a hue angle of 34°
and chroma of 63 then those numbers can serve
as an aim point for controlling print production.
Paired comparison techniques, while useful in
depicting human visual responses, are limited in
its ability to correlate to specific causes. Also, if
there is litt le to no agreement between judges, then
rankings are merely arbitrary. Therefore, other psychometric analysis techniques should be explored.

5.2 OBJECTIVE 2: COLOR MATCH
The paired comparison utilized four samples of
each image and a sheet-fed printed sample was
provided as the reference. Seven judges were
asked: “Which of the two prints is a closer match
to the reference in terms of color?”
5.1.A PRINTING TECHNOLOGY MATCH

All seven judges were consistent in the test for
color match to a reference and the IJ_1 print
contained real differences for all three images.
Between judges, there was average agreement
(W=0.48) for the knife image, okay agreement
(W=.62) for the bread image, and good agreement (W=0.71) for the produce image.
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There was a clear consensus (average to good
agreement between judges) in ranking for best
match to a sheet-fed reference (Table 5).
Table 5. Ranking for color match to a reference.

All Images

1st

2nd

3rd

4th

SF

IJ_2

EP

IJ_1

The paired comparison test revealed that the SF
print was the best match to the provided sheetfed reference. Th is is as expected because the SF
sample and the reference were printed in the
same press run, therefore the color match between them is invariant.
Although there is an average to good agreement
between judges in ranking, the visually determined color match can vary and is highly dependant on the color management applied to match
the reference.

5.1.B DEVICE-BASED ANALYSES

Device gamut is important for color matching because the color gamut of the sample printing devices must be large enough to encompass the gamut of the reference to be matched. In this research,
the images used were well within all gamuts;
therefore, there was no significant influence on
matching choice based on device gamut size.
Also, paper brightness had no significant effect
on the selection of a match. The second ranked
match to the reference (IJ_2) had the lowest
brightness (83%), with minimal OBA content.
Addressability influences the choice for best
match (though not necessarily color match) as
the sharpness and effective resolution of the device affects the distinct edges and fi ne details of
an image. Therefore, addressability that closely

matches the reference is preferred even when
looking solely at color. (There are also other variables to consider when looking at addressability
beyond mere dpi counts, such as dot integrity
and gray levels). The second ranked match to the
reference (IJ_2) was printed on a device which
had a dpi of 1440 x 720, while the reference and
SF sample had a dpi of 2440 x 2440.

IJ_2 sample, indicating that there may be other
parameters affecting the choice for best color
match along with ∆E measurements.

5.1.C IMAGE-BASED ANALYSES

Though contrast and uniformity were not measure in this research, it was observed that they
are influential when color is similar between two
prints. The matching of overall contrast and image quality was prioritized for match over perfect color. Notice that color difference was at
times slightly higher in the selected second best
match (IJ_2). However, it may have been chosen
as the best match because the overall contrast,
uniformity, and image quality was a closer visual
match to the sheet-fed reference, affecting the
judges evaluation of color match.

Key color swatches were used to evaluate the
color difference (∆Eab) between the printed samples and the sheet-fed reference (Table 6). These
colors were chosen based on judges’ comment on
what areas they focused on the most.
Table 6. Color difference for key color swatch
samples compared to the reference.

Color

SF
(∆E)

IJ_2
(∆E)

EP
(∆E)

IJ_1
(∆E)

Knife Background

0.0

6.3

4.2

22.1

Knife Blade

0.0

2.6

2.7

16.8

Bread Waffle

0.0

5.5

2.6

5.4

Bread Slices

0.0

4.7

1.9

8.6

Produce Lettuce

0.0

3.9

8.9

11.1

Produce Tomato

0.0

5.6

3.8

4.5

Excellent Match (0–2 ∆E)

Fair Match (6–10 ∆E)

Good Match (2–6 ∆E)

Poor Match (>10 ∆E)

Looking at the key color samples, color difference played a significant role in the selection of
best match to the provided reference. The fi rst
ranked match (SF) had the smallest color difference (0 ∆E) and the second ranked match
(IJ_2) had good or acceptable color matches (between 2–8 ∆E). Both the IJ_2 and EP
samples had mostly good matches, but the EP
sample had slightly smaller color differences.
The EP sample was ranked third behind the

In terms of image-based colorimetric analysis,
color differnce (∆E) can be a useful indicator of
color match. A more complete analysis (more
color patches) of the colors in an image will provide a better approximation.

6. CONCLUSION
Th is research examines how image quality criterion, printing technology, and image content
can impact subjective image quality in terms of
visual pleasingness and color match of an image. It also attempts to identify quantitative
colorimetric parameters as useful predictors of
subjective visual responses. In this research
there is an observed positive correlation between
addressability and visual pleasingness— higher
addressability is preferred. However, despite the
correlation in addressability, fi ndings in general
indicate that there are no comprehensive quantitative parameters that can successfully predict
the visual pleasingness of pictorial images. There
is also an observed negative correlation between
color difference (∆E) and visual color match— as
color difference increases, color match decreases.
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7. FUTURE RESEARCH
Observations between visual preference and
objective measurements were not intended to
describe direct correlations between the two.
Rather, they were used to identify whatever patterns appeared within the small sampling sizes
of this research.
Th is research provides very general patterns in
factors that may influence an observer’s visual
response for pleasingness and color match. It
is important to understand that the correlation
of subjective responses to quantitative data is a
tricky subject. Th is is especially true for color
because it is three-dimensional (Hunt, 2004,
p. 636) and is an extremely complex and subjective visual stimulus. Therefore, if there is any
chance for patterns to be more significant or to
provide generalizations for an average observer,
future research must utilize a large quantity of
images of varying content, and testing must involve a sufficiently large sample size from a diverse population (taking environmental and
demographic factors into account). Patterns and
generalizations in visual color match are easier to
identify as there is less room for subjective sway.
Other psychometric evaluation techniques
should be used to provide more differentiating power in visual evaluation (whether it be
for pleasingness or color match). For instance
Farnand’s research in image quality evaluation
looked at the perceived value of prints using dollar values as an indicator for visual responses to
image quality parameters (Farnand, 2008).
In addition, further evaluation of color within
images is needed for a more complete analysis. Th is research only looked at a few key color
patches which is not sufficient for providing significant conclusions. By collecting more colors of

42

Visual Pleasingness and Color Match

interest within the image, e.g., a PCRI chart, we
can analyze the ∆E distribution as a cumulative
relative frequency (CRF) chart to approximate
color match in images.
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ABSTRACT
There are many aspects to image quality assessment. While many printing standards such as ISO 12647
focus on tone and color assessment in graphic arts images, ISO 13660 provides quantitative assessment of
fundamental printed att ributes, such as area and line quality. Similarly, ISO 19751 provides a methodology to comprehend the quantitative assessment made using ISO 13660. Image quality is assessed based
on minute details and characteristics that build up a print, using recommended tools and equipment.
Th is case study is an exploratory experiment that uses the QEA IASLab soft ware for evaluating the print
quality. Th is paper (1) reviews key image quality att ributes of monochrome printed images, based on ISO
13660 and ISO 19751; (2) describes the use of a flat‐bed scanner and the IASLab soft ware package (provided by QEA), to evaluate 14 printed sample - including circularity of halftone tints, raggedness of line,
graininess of a solid, mott ling of a solid, etc.; and (3) discusses the interpretation of these quantitative values in the context of visual sensation and graphic arts applications.

1. INTRODUCTION
The International Standards Organization has
developed several standards to defi ne the quality
of graphic images, based on various perspectives
such as tone, color, resolution, contrast etc. ISO
13660 (2001) on the other hand, is somewhat different, since it focuses on the line and dot quality.
Line and dot elements in any image are the building blocks of an image. It can be said that the line
and dot structure reproducible by a particular
printing process substantially influences the appearance of the image. ISO 13660 concentrates
on minute details of an image, quantifies those
and provides the observer with a quantitative approach which can then be used to support qualitative assessments of appearance on a macro scale.

ISO 19751 (n.d.) on the other hand, defi nes several image defects caused by the 14 image att ributes defi ned by ISO 13660. ISO 13660 defi nes
an image based on pre-specified ideal values of
the image artifact/att ribute, which is completely
quantitative. The human eye, on the other hand
defi nes print quality as ‘a consequence of how
the human eye perceives the printed image on
a substrate’ (ISO 19751) and not as ‘an intrinsic
quality of the materials characteristics or the
characteristics of the marking process defi ned by
engineering specifications’ (ISO 19751). In other
words it can be explained that ISO 19751 defi nes
print quality by comparing a sample print with
the calibrated print, based on the significance of
visual differences. Th is calibrated print is termed
as a ‘ruler’.
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The quantitative assessments were done using
hardware and soft ware recommended by ISO
13660, and ideal ‘rulers’ were created in Photoshop for comparison based on ISO 19751. Thus,
the concepts of both ISO documents are utilized
to determine the best print quality. Hence, this
case study is to explore the print quality in terms
of detailed analysis of the line and dot quality of
a printed image from different printing devices
based on ISO 13660 and ISO 19751.

1. Area att ributes: darkness, background haze,
graininess, mott le, extraneous marks, and
background voids.
2. Character and line att ributes: blurriness, raggedness, line width, darkness, character contrast, fi ll, extraneous marks, character field,
and background haze.

2. IMPLEMENTATION/APPLICATION
OF ISO13660 AND ISO 19751

The value of graininess indicates micro non-uniformity, which is subjective impression of color
non-uniformity over smaller areas. ISO 19751
recommends graininess assessment over an area
equal to or greater than 25mm x 25mm, which is
supposed to have uniformity in color. Th is property can help detect minute variations in terms of
lightness, hue, saturation or a combination of all.

A common way to analyze the print quality is to
quantitatively assess the tone and color of an image, where some kind of light-reflection measuring device produces corresponding values. Analyzing the print quality based on such a test can
be simple as tone and color are easily perceptible
and very easy to differentiate, although tone and
color by themselves are not sufficient to determine print quality. There are several factors such
as contrast, sharpness, uniformity of strength of
the image elements, etc., which are not related
to tone and color but affect print quality. These
factors are directly related to line and dot quality, which are elements of any image, and are
not easily identified by visual inspection alone.
ISO 13660 2001- is the sole international standard describing a broad set of image quality attributes for binary, monochrome, printing systems, and according to many sources has had
significant impact in the printing industry. ISO
13660: 2001 is proposed by ISO/IEC JTC1/
SC28 and known as Information Technology - Office Equipment - Measurement of image quality attributes for hardcopy output - Binary monochrome
text and graphic images. ISO 13660 provides definitions of 14 different printed image’s att ributes
that help analyze the printing defects. The att ributes are categorized in two groups classified by
their domain of appearance:
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Properties such as graininess, mott le, line raggedness, and dot circularity were of interest in this
case study, since these properties have an obvious
and major influence on the quality of any print.

The value of mott le, on the other hand, indicates
macro non-uniformity, which is a measure of
subjective impression of color non-uniformity
over larger areas. ISO 19751 recommends mott le
assessment over an area no less than 160mm x
160mm, which is supposed to have uniformity in
color. Th is property can help detect minute variations in terms of lightness, hue, saturation or a
combination of all.
Line raggedness indicates the straightness of a
printed line. Any geometric distortion is identified
as an undesired property of a line, and consequentially degrades the quality of the printed image.
Most of the 14 att ributes mentioned above are
related to monochrome images, while a few relate to multicolor printed work on white substrates. These att ributes can be analyzed to produce a corresponding quantitative value that
helps image quality testing. An important aspect
of the method of defi ning the print att ributes is
that the evaluation is dependent on the intrinsic
properties (characteristics of the image itself)

and not on some external reference or image area.
The measurement procedures are well defi ned
by the ISO 13660 standard, although there is no
reference or standard set of values because different printing processes have their own idiosyncrasies and are different from each other. Hence the
implication is that each user needs to defi ne own
quality standards and sampling requirements.
The major shortcoming of ISO 13660 is its inability to describe or address the visual significance of most measured values obtained following the proposed procedures. Th is results in
obtaining several sets of numerical values defi ning the att ributes, but being unable to interpret
the same effectively. The inability of ISO 13660
to interpret a standard conclusion from the obtained data inhibits users from meaningful comparisons of print outputs from different printing
devices. Th is renders ranking a set of prints very
difficult. Hence the role of ISO 19751 comes into
play, and a necessity to establish a standard ruler
or an ideal print emerges.
To overcome the limitations of ISO 13660, the
JCT1/SC28 started developing a new standard
known as ISO 19751. Its goal is to provide ‘evaluation methods’ for the quantitative data obtained from ISO 13660. These evaluation methods are intended to be ready for adoption and
implemention on not only ‘binary monochrome’
images but also to gray-level and full-color images. Different parts of ISO 19751 are still under
a development. It will be known as Information
Technology - Office Equipment - Image Quality
standards for printer systems.
ISO 19751 is a multi-part standard in which each
image att ribute is defi ned in the basic (fi rst) part
and then each prime image att ribute is addressed
individually in detail in separate parts. The basic
part consists of the introduction, glossary, overall testing procedures, and measurement practices common for all image-att ributes. ISO 19751
employs major categories of visual attributes

to classify the evaluation of print quality using
quantitative data obtained by following ISO
13660. They are: 19751 (Basic); 19751-2 (Gloss
& gloss uniformity); 19751-3 (Macro Uniformity); 19751-4 (Micro Uniformity); 19751-5 (Color Rendition); 19751-6 (Text and Line Quality);
19751-7 (Effective Resolution); 19751-8 (Att ributes affected by adjacent areas).
The basic part includes 1. Objective image quality evaluation using instrument-based metrics.
2. Objective image quality evaluation using
psychometric scaling methods.
These are followed by a worked example of image quality evaluation report that employs the
standardized methodology for a calibrated psychometric evaluation as well as a calibrated metric based evaluation. Th is helps attain meaningful evaluations which are not always possible
using ISO 13660. In addition to these procedures, it also provides a ‘worked example of developing a psychometric evaluation method’, a
‘worked example of developing an appearance
based objective metric’ and ‘worked example
of an image quality evaluation report’. The provided ‘worked example’ of evaluation report
displays the recommended layout of each quantitative data using standard forms of tables and
methods of analyzing the att ributes.

3. METHODOLOGY
ISO 13660 recommends the hardware and software that can be used for image quality tests.
It recommends scanners, being the hardware,
should preferably be used with soft ware that
help gather quantitative data from the scanned
images. Th is case study was an attempt of the author to become familiar with the standards and
their implementation, using the workflow shown
in Figure 1. The actually obtained results are of
secondary importance.
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Processing
Input
Print Samples

Epson XL10000
+
QEA IASLab

Observation
ISO 13660
+
ISO 19751

Conclusion
Observations

Figure 1. Workflow used in the case study.

The soft ware that was used here, is developed by
Quality Engineering Associates Inc. (QEA). The
automated ‘Image Analysis System’ laboratory
soft ware is better known by its acronym ‘IASLab’.
It is recognized and approved by ISO 13660 for
print quality assessments (QEA Manual, 2008).
IASLab is image-assessment soft ware that follows
the ISO 13660 guidelines and provides different
tools to help analyze and evaluate the print quality. Tools such as line tool, dot tool, flexo dot tool,
area tool, spatial frequency response tool, optical
character recognition tool, registration tool, noise
power spectrum tool, are provided by the IASLab
produced quantitative data.
QEA IASLab recommends the EPSON Expression XL 10000 scanner to capture the images at a resoultion of 2400 ppi rate, while
following the ISO 13660 guidelines. The scanner was calibrated using the scanner calibration test target provided by the IASLab and
images were scanned at 2400 dpi (recommended). Hence, the case study was conducted using only those instruments and devices
approved by ISO 13660.
A test form shown in Figure 2 was printed using
different printing devices. Nine different prints
from the IPA Digital Print Forum were used in
addition to the press samples from printing machines and devices from RIT. The list includes:
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Figure 2. Testform used.

IPA Digital Print Forum: iGen3 110, Xeikon
8000, Xeikon 6000, Konica Minolta bizhub PRO,
NexPress 3000, HP Indigo 5500, HP Indigo
5000, HP Indigo 3050, Heidelberg XL-105,
RIT samples: Gravure (printed with electromechanical engraved cylinder), Flexo
(MarkAndy LP3000), Web offset (Heidelberg
GOSS Sunday), Sheetfed (Heidelberg SM 74),
Digital Printers (Kodak NexPress 2100 and the
Xerox DocuColor 6060).
A fi xed/constant regions of interest from each
samples were identified. These were in the form
of a 1-pt. line image, a 30% dot area on the step
wedge, and a black solid patch. Scanned images were obtained for each device from the test
forms from different printers. Samples are shown
in the Figure 3. These images were then dragged
into the analysis area of the IASLab soft ware.
Then corresponding tools were selected to analyze the line or dot images. Th is generated a lot
of quantitative data.

Figure 3. Measured regions of interest: flat tint
and 1-pt. line (24x magnified).

The prime parameters for analyzing the line and
dot quality were identified by following the ISO
guidelines and the QEA IASLab tutorial. ISO
13660, as mentioned previously, clearly explains
what characteristics of the printed image are influential in governing the quality, whereas ISO
19751 emphasizes the need for unambiguous procedures and methods for the appearance-based
evaluation of visually significant image quality attributes. ISO 13660 and ISO 19751, were referred
to, to identify the ideal values for the relevant primary parameters of lines and dots.

4 MAKING AND TESTING AN
IDEALIZED “RULER”
Based on the concept of ISO 19751, it was necessary to create calibrated ‘visual rulers’ or ‘ideal
prints’ which can be compared to the actual samples to visually check the significance of the generated data. The rulers, as mentioned previously
are nothing but prints having least detectable
print defects, or visually insignificant defects
and are held as ‘desired print quality’. Hence the
test forms from the Digital Print Forum 2008
were used which were treated as a general ruler
for each printing press. One way to observe the
soft ware is to use a test image that is generated
in Adobe Photoshop rather than obtained from a
scan of a print. Th is way, printer distortions are
avoided, and an “ideal” image is obtained.

Using Adobe Photoshop CS3, a 1” x 1” fi le with
2400 dpi resolution was created and fi lled with
a 30% black tint and then rasterized to produce
round dots. Round shape for the dots was used
because a round dot is, by defi nition, symmetrical. It has no spatial distortion. The soft ware
and the instruments are capable to measure the
symmetry of the printed dots, and if the printed
dots are distorted this metric would measure it.
Th is image now theoretically had ideally 30%
dots with absolutely no print defects. Similarly,
a 1-pt. line was created using the recommended
resolution sett ings. These images were then analyzed using the line and dot tools respectively. If
the program worked correctly, the values for different parameters were expected to be very close
to ideal. The dot tool showed a value of 1.027 for
circularity (1 being the ideal) and a tone value of
29.866 for a 30% dot. Whereas the value of ‘raggedness’ was exactly 0 for the 1-pt line. Similarly,
the area tool showed 0 for the graininess and
mott le values. Thereby it was clear that the software and hardware combination was correctly
chosen and all the sett ings were correct.

5. RESULTS AND ANALYSIS
The comparisons of the photomicrographs
(high magnification scans of the images) clearly showed the difference between the images
from different printers, and the unique characteristics of the prints were visible. At a 24x
magnification, print defects can be easily detected and quantified by the IASLab soft ware.
It must be noted that ‘paper’ is ignored as an
influencing parameter, because the same paper
was used for all the prints.
Normal halftone dots generated by digital or
conventional printers are often not circular. The
dots in the test prints were not likely designed
to be circular, and therefore it is no surprise that
the measurements shown in Figure 4 show a
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1.20

‘raggedness’ for each line. Raggedness is the geometric distortion of the edges of the line. A good
quality line may be described as the one having
the least raggedness and sharp edges.

1.15

Circularity

1.10
1.05
1.00
0.95
0.90

The analysis in Figure 6 reveals that gravure,

0.85

electromechanically engraved at 175 lpi had a high
raggedness value, while if visually checked, all
the prints with a value up to 12 units showed no
visible difference with the naked eye, but when
magnified they look as in Figure 7.
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Xeikon 6000
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iGen3 110

16

Heidelberg XL 105

18

RIT Gravure Sample

20

Ideal Simulation

considerable deviation of the dot shapes. But it
must be understood that an image quality must
not be judged based on a single entity such as circularity. The image quality could possibly be inferior even if the dots have ideal circularity values.
Another aspect is dot gain or tone value of the
reproduced tint. But dot change is not necessarily
a bad thing, and may actually be necessary to obtain a high quality print. A visual comparison of
the extreme dot qualities is shown in Figure 5.

Average Line Raggedness

22

Figure 4. Circularity vs. Dot Area.

4
2
0

Figure 6. Line analysis (Raggedness).

Figure 7. Photomicrographs of ‘Ideal Simulation’ (top) vs. ‘Gravure’ (bottom).

Figure 5. Photomicrographs of ‘HP Indigo 3050’
and ‘Ideal Simulation’.

Other values such as screen ruling, and screen
angle, could be verified using other tools. Values
obtained from minimum and maximum diameter, and perimeter provides an idea of the variability of the dot structure.
Line analysis on the other hand was easier
since it primarily depended on the value of
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Similarly, the area tool provided graininess and
mott le values for various parameters concerned
with a solid image area. As mentioned previously, the properties of graininess and mott le
are of prime importance when evaluating the
color uniformity of a print or a printer. One of
the causes for mott ling is uneven absorption of
ink into the substrate, producing a blotchy or
a cloudy area. Mott le is basically low frequency
aperiodic fluctuations of density that cause a visual non-uniform effect. Figure 8 shows the mottle results that were obtained. Figure 9 compares

the magnified visuals of the extreme qualities
with the sample image on the left having high
percentage of mott le.
1.6
1.4

Mottle

1.2
1.0
0.8
0.6
0.4
0.2

the print contains very high graininess. It can
be identified under a high magnification loupe.
Graininess causes a print to lose resolution and
possibly contrast. Also it is usually present over a
larger area in the image or more consistently than
the mott le effect. Thus it is harder to detect by the
naked eye, but under magnification, the visual defect is clearly noticeable. Figure 10 shows the results from graininess measurements, while Figure
11 shows the highest amount of graininess.
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RIT NexPress 2100
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RIT Flexo MarkAndy

RIT Gravure Sample

Heidelberg XL 105
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Indigo 5000
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Nexpress 3000

Konica Minolta

Xeikon 6000

Xeikon 8000

iGen3 110

Ideal Simulation

0.0

Figure 8. Area Analysis (Mottle).

From the graininess values plotted in a bar
graph, in Figure 10, it is clearly visible that gravure fared exceptionally well showing negligible
graininess. Web offset had the most graininess.
It was interesting to see that HP Indigo 5000
had a high amount of graininess as revealed
by the Figure 11, despite of having low value of
mott le. Th is showed that although the two area
parameters seemed to be very similar, they were
independent of each other. Visually under high
3.5

Figure 9. Photomicrographs of mottle seen in
‘Web Offset’ (left) vs. ‘Ideal Simulation’ (right).

Graininess

3.0
2.5
2.0
1.5
1.0

Graininess on the other hand is high-frequency aperiodic fluctuations of density that cause
visual non-uniformity. Flat tints rendered by
FM screening will always appear more grainy
than those rendered by AM screening. Th is is
not commonly visible by the naked eye unless

RIT XeroxDC6060

RIT NexPress 2100

RIT Goss Sunday

RIT Flexo MarkAndy

RIT Gravure Sample

Heidelberg XL 105

Indigo 3050

Indigo 5000

Indigo 5500

Nexpress 3000

Konica Minolta

Xeikon 6000

Xeikon 8000

iGen3 110

Ideal Simulation

0.0

The analysis shown in the Figure 8 revealed that
gravure print had an almost ideal or minimum
mott le quality, very close to the ‘digitally ideal
simulated’ image. Most prints which had a mottle value less than 0.4 appeared uniform by naked eye but under magnification they appeared
blotchy. Web offset and moderate quality digital
printers did not fare well and displayed obvious
density variation even by naked eye.

RIT Heidelberg SM74

0.5

Figure 10. Area Analysis (Graininess).

Figure 11. Photomicrograph of graininess for
HP Indigo 5000.
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magnification, the graininess pattern appeared
to be related to uneven inking directly related
to the nature of the ink transfer of the respective
printing process. Gravure print appeared to be
very dense, uniform and visually pleasing as opposed to a faded looking web offset solid area.

6. OBSERVATIONS
The scope of this article was exploratory and
aimed to evaluate the usefulness of ISO 13660
and ISO 19751 guidelines to evaluate detailed
quantitative analysis. On the basis of the studied
prints, the following can be said:
• Line quality < 12 units raggedness has visually no noticeable difference.
• Dot quality: With circularity 1 ± .15 units
has no noticeable difference.
• Area quality: Mott le values < 0.5 units show
no visual difference, but under magnification
show great visual non-uniformity.
• Graininess values < 0.8 units show no visual
difference by the naked eye, but under magnification there can be extremely variable
spreading of ink on paper.
For this research experiment, ISO 13660 was
followed for image specifications and ISO 19751
basic for interpreting the significance of different
quality parameters. But for future research, specific ISO 19751 parts are recommended to evaluate specific print att ributes.
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BENCHMARKING COLOR IMAGE
QUALITY BETWEEN INKJET AND OFFSET
Robert Chung and Fred Hsu
rycppr@rit.edu; cyhter@rit.edu
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ABSTRACT
The graphic arts community, including printing technology users and providers, expects rapid improvement of digital printing devices. At some point in time, it is possible that, due to the rate of improvement
of an emerging technology, it will outperform the incumbent technology. In this article, we take a close
look at the tone and color capabilities of an emerging high-speed web inkjet press manufactured by Eastman Kodak Company in relation to the incumbent Heidelberg sheet-fed offset press. We found out that
the Kodak Prosper 5000XL press has a larger color gamut than the standard Fogra39 color gamut. It can
not only reproduce pleasing color images with legacy CMYK fi les, but also can be color-managed to print
to match the offset. Printed test pages by both printing platforms are included in this article (p.59–62 were
printed on the Kodak Prosper 5000XL press). Readers are invited to assess the printed results visually to
form their own opinions regarding image quality between inkjet and offset.

1. INTRODUCTION
High-speed inkjet printing has traditionally
been known for monochrome printing and color
image quality was marginal in comparison with
offset printing. Th is distinction is blurred as
high-speed color inkjet printers evolve. A white
paper, by SpencerLab Digital Color Laboratory (2008) on the Stream Concept Press from
the Eastman Kodak Company offers valuable
information on the development of high-speed
color inkjet technology. A digital test form was
designed and printed by an offset press and the
Stream Inkjet prior to DRUPA in 2008. Upon
visual and quantitative analyses, the report concludes that the Stream Concept Press demonstrated the potential of approaching 175-line offset print quality (p. 1).
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The Stream Concept Press continues its development path and is now known as the Kodak
Prosper 5000XL press. As reported by Andy
Tribute (2008, January 17), the Kodak Prosper
5000XL press uses a novel approach to form
continuous inkjet. By applying a regular pulse
to heaters surrounding each nozzle orifice, the
Stream Inkjet Technology breaks ink into fi ne
droplets of continuous inkjet. Ink drops not required are deflected away from the substrate and
re-circulated to the ink supply (parag. 11).

2. RESEARCH QUESTION
The objective of the benchmarking exercise is
to examine image quality of the Kodak Prosper
5000XL press in relation to a sheet-fed offset
press. In particular, we wish to fi nd out (1) how

the Kodak Prosper 5000XL press is calibrated in
relation to an offset standard; (2) if there are significant color gamut differences between them;
(3) if the Kodak Prosper 5000XL press can
print pleasing color images from legacy CMYK
fi les; and (4) if the Kodak Prosper 5000XL press
can match color closely to a standard offset
printing condition.

3. METHODOLOGY
Key elements of the methodology include (1)
calibrating an offset press and the Kodak Prosper
5000XL press; (2) designing test forms containing legacy CMYK images and color-managed
pictorial images; (3) printing test forms using
both printing platforms; (4) printing images
color-managed from offset-to-inkjet using the
Kodak Prosper 5000XL press platform; and (5)
performing quantitative and visual analyses.
Offset printing was calibrated to ISO 12647-2
(paper type 1) standard using the Heidelberg
Speedmaster 74 offset press at RIT with Superior
inks and on NewPage 80# Sterling Ultra Gloss
paper. Printing conformance to the Fogra39
characterization set was verified (See the paper, Process Conformance to ISO 12647-2, a Case
Study, pp. 8–14, for more detail).
Eastman Kodak Company is a partner in this
project. Its Inkjet Printing Solutions group is
responsible for the calibration of the Kodak
Prosper 5000XL press using NewPage Gloss
Inkjet Development (patent pending) paper and
Kodak Prosper inkjet inks.
The test fi le contains one legacy CMYK fi le,
Altona Girl, and two color-managed pictorial
CMYK images converted from RGB to the ECI
color space. We also placed two resolution targets in the test form. The test fi le is for visual
analysis. The other test fi le is the IT8.7/4 Random characterization target for device profi ling
and for quantitative analysis.

Test fi les were printed by the offset press using
150 lines/in AM screening; plates were made by
a 2,400 spot/in CTP device. The same fi les were
output by the Kodak Prosper 5000XL press.
ICC device link technology is used to convert
pictorial color reference images from the ECI
color space to the Kodak Prosper 5000XL press
color space using the dynamic maximum black
at 240 TAC (Total Area Coverage) in Alwan
LinkProfi ler. Color-managed images from offset-to-inkjet are printed by the Kodak Prosper
5000XL press only.

4. RESULTS
There are two aspects of color image comparison
to speak of: (1) colorimetric comparison of characterization data sets, and (2) visual comparison
of pictorial color images. It is important that
fi ndings from one analysis support the other.

4.1 COLORIMETRIC COMPARISON OF
CHARACTERIZATION DATA SETS
The characterization data set measured from the
IT8.7/4 target can be used to compare (1) overall
color difference (∆E) between two data sets; (2)
color gamut volume difference; (3) hue and chroma difference; and (4) gray balance difference.
Two Kodak Prosper 5000XL press printed
IT8.7/4 characterization targets were measured colorimetrically and their averages were
compared to the published Fogra39 data using
X-Rite MeasureTool. There are significant color
differences between the Kodak Prosper 5000XL
press and Fogra39 data sets. Specifically, the average ∆E of all 1,617 patches is 7.79 with the ∆E
at the 90th percentile being 13.22.
A Kodak Prosper 5000XL press ICC profi le was
built using X-Rite Profi leMaker 5 from the average data set at 240 TAC. Comparing the Kodak
Prosper 5000XL press ICC profi le and the offset
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(ECI) ICC profi les in 3D view in CHROMiX
Colorthink Pro 3.0 (Figure 1), the Stream gamut
volume is shown to be 34% larger than that of
the standard offset gamut.

While there may be differences in color gamut between two devices, color images printed
on both devices can still have the same visual
appearance. For example, if image highlight,
gray balance, and the image shadow are similar
to each other, then perceived color image differences, reproduced by the two dissimilar devices,
are likely to be small.
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Figure 1. 3D gamut comparison of inkjet (wireframe) and offset (solid).

a*

0
-100

-80

-60

-40

-20
0
-20

20

40

60

80

100

-40

A 2D comparison of the color gamut, as shown
in Figure 2, provides more information regarding hue and chroma differences between the two
device color spaces. Specifically, both color spaces have the same white point. The major hue difference among chromatic inks is magenta ink.
There are additional chroma differences in the
green and blue regions of the Kodak Prosper
5000XL press color space.

-60

Fogra39

-80

Kodak Prosper

-100

Figure 2. 2D gamut comparison of inkjet (solid black) and offset (dash gray).

8

There are several CMY near-neutral patches in
the characterization (IT8.7/4) target. For example, sample ID 1370, contains a tint combination of 65C, 45M, and 45Y. Upon printing, if the
patch has similar colorimetric values on both the
sample device and the stan dard, the gray balance
is preserved. When the neutrals are aligned, hue
shift is minimized. Figure 3 shows the colorimetric comparison of near-neutrals with fi xed CMY
values between Fogra39 and the Kodak Prosper
5000XL press. It is evident that the two devices
render neutrals similarly. If there is any hue shift ,
the Kodak Prosper 5000XL press rendered neutrals with a touch of green and less blue.
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Figure 3. Colorimetric comparison of neutrals
between inkjet (black) and offset (gray).

*Th is page printed on the Kodak Prosper 5000XL press
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4.2 VISUAL COMPARISON OF
PICTORIAL COLOR IMAGES
The second method is to compare perceived color differences among the test pages printed by offset versus Kodak Prosper
5000XL press before and after color management. By means of clever imposition, the
offset page (p. 58) and the Kodak Prosper
5000XL press page before color management
(p. 59) face each other for easy visual comparison. By holding page 59 vertically, the offset page
and the Kodak Prosper 5000XL press page after
color management (p. 61) face each other.
The image Colorful Kyoto, located at the bottom
of the test page, is a good test image because it
contains all the basic colors plus white, gray, and
black. Under standard viewing conditions, visual
differences between offset and Kodak Prosper
5000XL press before color management are visible in the curtain black of the foreground. There
is also a hint of greenish and yellowish gray in the
curtain flower pattern, supporting the aforementioned gray balance analysis. Finally, color patterns in the center of the image do not show large
visual differences. Once device link color management is applied, as seen on page 55, we see a
closer color match between the offset reference
and the Kodak Prosper 5000XL press print.
The skin tone of the Girl image, located in the
upper left of the test page, is difficult to match
due to device differences. Under standard viewing conditions, a larger visual difference is seen
between the offset (p. 58) and the Kodak Prosper
5000XL press (before) than between the offset
and the Kodak Prosper 5000XL press (after).
The Vegetables image contains multiple hues of
familiar objects, e.g., tomato red, cabbage green,
squash yellow, etc. Using offset as a reference,
we see greener cabbage, yellower squash, and
darker neutrals in the Kodak Prosper 5000XL
press (before) page. Th is is the result of the larger
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device color gamut associated with the Kodak
Prosper 5000XL press. By means of device link
color management, a closer color match is obtained between the offset and the Kodak Prosper
5000XL press (after) page.

5. SUMMARY
The objective was to fi nd out how the Kodak
Prosper 5000XL press is calibrated and to evaluate its color gamut in relation to an offset standard. Upon experimentation and analyses, it
was found that the Kodak Prosper 5000XL press
produces pleasing offset print quality by honoring the gray balance of a standard offset printing
condition. By preserving neutrality and extending chroma in all hues, images, such as vegetables, look more pleasing than the offset sample.
In addition, the Kodak Prosper 5000XL press
can match a standard offset printing condition
closely by using a device link ICC profi le.
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A BRIEF DESCRIPTION
OF TEST FORMS
A test form is a collection of test elements, whether pictorial or synthetic, with known input values, e.g.,
CMYK values or resolution sett ing. Upon raster image processing and printing, printed images are used to
study print quality either visually or quantitatively.
We have created many test forms in the past. Some test forms, e.g., ISO Synthetic Basic Color Block and
ISO Pictorial Color Reference Images, are included in every issue of Test Targets because they support
teaching and learning in the class. Some test forms, e.g., process ink sequence and spot color overprint, are
designed to support specific research projects.
Most of the test forms in this collection share a common layout. For example, the center section of the test
form is used to place a specific test element. Premedia, ink, paper, and printing conditions are noted as the
header. In addition, color control bars are arranged in two orientations to verify the uniformity and consistency of inking in both the machine direction (MD) and cross-machine direction (CMD).
Below is a list of the test forms included in this publication. Each test form is described in terms of its content, purpose and key features. For more information about test forms and their descriptions, please go to
Test Targets 2.0: Test Targets Showcase: The Common Elements, and Test Targets 8.0: Test Form Descriptions.
• ISO Synthetic Basic Color Block

• Image Types – High Key, Average, and Low Key

• ISO Pictorial Color Reference Images

• IT8.7/4 Visual and Random

• RIT Pictorial Color Reference Images

• Gray Balance Chart

• Altona Pictorial Color Reference Images

• Total Coverage Area Chart

ISO SYNTHETIC BASIC COLOR BLOCK (p. 68)
General description: Th is test form contains the basic
block of the IT8.7/3 profi ling target (CGATS, 2005)
which consists of 182 (14x13) color patches with known
CMYK values.
Key features: The ISO basic color block can be used to
evaluate densitometric and/or colorimetric response of
any four-color printing process. It is used to study tonal
response (dot gain or tone value increase); ink trapping, and simple color gamut plots (a*b* and L*C*) of a
CMYK device.
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ISO PICTORIAL COLOR REFERENCE IMAGES (p. 69)
General description: The test form contains two pictorial
SCID images (Standard Color Image Data): N7A (Th ree
Musicians) and N4A (Tableware) from ISO 12640-1,
Graphic technology -- Prepress digital data exchange -Part 1: CMYK standard colour image data (CMYK/SCID),
2005. These legacy images, i.e., images without embedded CMYK color spaces, are designed to appraise tone
and color characteristic of an imaging device in terms of
visual appearance.
Key features: N7A (Th ree Musicians) has skin tones and
chromatic colors as seen the three females’ clothing. N4A
(Tableware) has a large neutral areas as well as a large distribution of pixels in highlights and midtone. These images
provide visual feedback of how memory colors, such as metallic neutrals, skin tones, by various output devices.

RIT PICTORIAL COLOR REFERENCE IMAGES (p. 70)
General description: Pictorial color reference images
(PCRI) are used to provide visual feedback between a sample imaging device and a reference. A pleasing image with
pictorial elements that are sensitive to change due to device characteristics is a desirable test image. The two PCRI
(CMYK) images are converted from their RGB color spaces
to the ISO coated ECI color space.
Key features: The ‘Colorful Kyoto’ image, contains all the
basic colors plus white, gray, and black. The ‘Dali Temple’
image has a large foggy sky that is sensitive to color shift.
ALTONA PICTORIAL COLOR
REFERENCE IMAGES (p. 71)
General description: Four pictorial color reference images are
from the Altona Test Suites (ATS) by bvdm. ATS includes
digital CMYK image data, printed images, characterization
data set, and a standard ICC profi le, a valuable resource to
study printing process control and color management.
Key features: The Girl image includes a large area of skin
tone, which is very sensitive for the detection of color difference among output devices. They are excellent alterative test
images to complement ISO SCID images.
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PICTORIAL COLOR REFERENCE IMAGES —
HIGH KEY, AVERAGE, AND LOW KEY (p. 72, 51, 52)
General description: The three test forms are consisted
of images having different tonal distributions from highlight and shadow. High key images contain predominantly light tones in an image. Low key images are the
opposite; they contain a large portion of dark tones.
Average images have more mid-tones than light and dark
tones. Color of interest are sampled and colorized in the
bottom of each image for quantitative analysis.
Key features: These images, defi ned in the Adobe RGB
color space, are useful to study gamut mapping and preferred tone reproduction. They are also useful to study
gray component replacement and ink saving.

IT8.7/4-2005 VISUAL AND RANDOM (p. 53)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49
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General description: The IT8.7/4 target contains 1,617
color patches with known CMYK values (CGATS
IT8.7/4, 2005). Th is is an extended color chart from
IT8.7/3 target that contains 928 color patches. The
entire target dimension is larger than letter-size, when
each patch size is 6 x 6 mm. It is used to characterize
4-color printing.
Key features: IT8.7/4 provides two target layouts: visual
and random. The color patches in the visual layout are
arranged systematically by tone values. Patches in the
random layout are situated arbitrarily in order to minimize possible non-uniformity of the printing device.

GRAY BALANCE CHART (p. 54)
General description: Th is test form includes two
elements: CMY near-neutrals and K-only grayscale. It is
used to determine the neutrality for a given ink-paperprinting condition.
Key features: CMY near-neutrals are divided into four
tonal blocks. For each tonal block, the cyan dot area of
the circles is constant while magenta dot areas vary by
column and the yellow vary by row. The background of
the circles is printed with black only to serve as a neutral reference. The CMY circle that fades into its neutral
background indicates a unique CMY dot area combination that achieves gray balance. The K-only grayscale,
situated around the CMY near-neutrals, has 1% dot-area
increments. It is useful in determining a specific black
dot area that metamerically matches the CMY neutral.

TOTAL AREA COVERAGE CHART (p. 34)
General description: The TAC (Total Area Coverage)
chart samples the shadow region of K-only (row-wise)
and CMY near-neutrals combinations (column-wise). It
is used to determine (1) the darkest tonality produced
by the dot-area combinations of CMYK, and (2) various
TACs that produce the same darkness but at lower total
dot areas. Th is chart supports ICC profi le CMYK construction as well as the understanding of Gray Component Replacement (GCR) and dynamic device link.
Key features: The TAC chart is made up by CMY nearneutrals and K tints. The CMY near-neutrals vary by
column and the K tints vary by row. TAC selection can
be visual or by instrument.
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ALTONA PICTORIAL COLOR REFERENCE IMAGES
Press Heidelberg Speedmaster 74
Paper NewPage Sterling Ultra Gloss
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HIGH-KEY PICTORIAL COLOR REFERENCE IMAGES
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TEST TARGETS 9.0 TIME LINE
Test Targets 9.0 Timetable (v3c)

Spring 2009
March

April

Summer 2009
May

June

July

Fall 2009
Aug

Sept

Oct

Nov

1. Advanced Color Management course
Suggested research topics
Press runs to support research agenda & GVI
Self-directed Project Proposal

<---- April 6, 2009
<---- May 4, 2009
<--- Wed., April 8, 2009

Individual Project - Documentation and presentation

<--- Mon., May 18, 1:00-3:30 pm

Cover design competition, critique, and decision

<---- by August 15, 2009

Project reviewed and critiqued

<---- May 19, 2009

2. Content creation & review
Test Targets call for papers; Abstract due
Co-op interviews

<---- June 15, 2009
<---- Fri., May 1, 2009

Co-op report to work

<---- June1 - Aug. 21

Press runs to support Gallery of Visual Interest

<---- August 4-5, 2009

Author's manuscript due

<---- July 15, 2009

Peer review

<---- August 31, 2009

3. Pre-media production
Two part-time students report to work
PDF workflow discussion
Revised manuscript due
Editorial review
Meeting with PAL (Production Issues)
InDesign pagination
PDF export and collection
Paginated PDF review
Imposition, Press run organizers, and Timeline

Sept. 7, 2009 ---->
Sept. 10, 2009 ---->
Sept. 7-14, 2009 ---->
Sept. 14-30, 2009 ---->
Sept. 24, 2009 ---->
Oct. 9, 2009 ---->
Oct. 19, 2009 ---->
Oct. 19 - 21 ---->
Oct. 21 ---->

Submit digital files to PAL prepress (Cover)

Mon., Oct. 19, 2009 ---->

Submit digital files to PAL prepress (Body)

Thur., Oct. 22, 2009 ---->

4. Printing and finishing
Hardcopy proofreading; OK signatures

Fri., Oct. 23, 2009 ---->

RIP; CTP

Fri., Oct. 23, 2009 ---->

Kodak Prosper 5000XL Press Run

Oct. 22-30, 2009 ---->

Kodak Nexpress Press Run

Oct. 26-30, 2009 ---->

Offset press runs (Cover)
Offset press runs (Body)
Bindery and finishing (Riverside)

Oct. 22, 2009 ---->
Oct. 26 - Nov. 2, 2009 ---->
Wed., Nov. 4 - Wed., Nov. 13, 2009 ---->

5. Distribution and promotion
TT_9 webinar
Mailing list update
Mail TT_9
TT9 web version and website update
TT_9 available at Cary Graphic Arts Press web site
PIC Symposium (Woodcliff Hotel, Pittsford, NY)
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Oct. 16, 2009 ---->
Wed., Nov. 9, 2009 and on ---->
Wed., Nov. 16-20, 2009 ---->
Fri., Oct. 19 - 23, 2009 ---->
Nov. 13, 2009 ---->
Nov. 19-20, 2009 ---->

TEST TARGETS 9.0 IMPOSITION
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PRESS RUN ORGANIZER: TT9 COVER
2. PROrg -- TT9_Cover
Press date:
Project description:
Project leader(s):
Telephone No:

Today's date/time:

Oct. 22, 2009
Test Targets 9.0 Cover
Robert Chung, Franz Sigg, and
Fred Hsu
(585) 475-2722 (Bob)
(585) 475-6878 (Fred)
(585) 475-6167 (Franz)

Printing description: (1) Print all SM74 signatures to ISO 12647-2; (2) Print
TT9 cover; (3) Print Kodak Prosper 5000XL press signatures to its calibarted printi
conditions; (4) Pick up NexPress printed signatures.
Product description: (1) Ten 8-page signatures of text printed by SM74; (2)
Cover printed by SM74; (3) One 4-page signatures by Kodak Prosper 5000XL press;
(4) One 4-page signature of dimensional printing by Kodak NexPress;
(5) die score and Smyth-sewn binding; trimmed to final size 8.5" x 11"; send 4,000
to bindery; quantity delivered: 3,500.

10/15/09
Production Notes / Quality Assurance

Job Specifications
PREPRESS
Signature contents:
Image resolution:
Color control bar:

(see description at right)
300 ppi
RIT Color Control Bar
plus local color bar

Collaboraters:
Kodak Prosper 5000XL Press: Russ Tobias and Steve Dilullo
NewPage: Jim Niemiec and Eric Johnson

PROOF
Manufacturer: HP
Brand: Designjet 5500 ps (Content only)

Cover preview image (shown w/out bleeds):

RIP/PLATE
Kodak Prinergy 4; 150 lpi AM
Manufacturer: Kodak VLF
2400 dpi
Brand: KPG (12mil); thermal Gold
PRESS
Manufacturer:
Brand:
Size (max):
FOUNTAIN SOL'N
Manufacturer:
Brand:
pH/Conductivity:
BLANKET
Manufacturer:
Brand:
Packing:
INK
Manufacturer:
Note:

Heidelberg sheetfed offset press
Heidelberg 6-color SM 74
20" x 29" (max)
3% Alkaless 3000 +
3% Prisco 2451 per gallon
pH 4.5 buffered; Conduct. 2100
Day International 3000
Patriot (77 mil, 4 ply, compressible)
0.006" over bearer (all units)

Superior Biolocity
ISO 2846-1 certified
NAPIM Bio Renewable Certified
2,500; 2-up
PAPER
Quantity:
Brand: NewPage / Sterling Ultra Gloss
Basis weigh / Size: 100# Cover, 20x26 , grain long

PRINTING
Reference: ISO 12647-2
*Ink-down sequence: KCMY + aqueous coating
CIELAB: K: (16, 0, 0)
M: (48, 74, -3)
(Tol.: 5 E ab ) C: (55, -37, -50) Y: (89, -5, 93)
%TVI at 50% dot area: K: 17
M: 14
(Tol: 4%) C: 14
Y: 14
Print Speed 7,000 iph
Other notes

CHARAC. DATA
ICC PROFILE
Additional Notes
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FOGRA39L.txt
ISOcoated_v2_eci.icc
Process control (SM74): X-Rite IntelliTrax

COVER PRODUCTION OPTIONS
1. OPTION_A: The background, as submitted in the PDF file, is made up by
100K and 75C. The cyan and black overprint will yield a cool black appearance.
2. OPTION_B: We ask PAL to modify the InDesign file submitted so that the
background is a rich black composed of 100K, 80C, 40M and 40Y to cover hickies.
Print 100 sheets using Option_A first, then print 100 sheets using Option_B.
Based on the outcome, the Test Targets Steering Committee will choose one
for production.

*Print one side only

PRESS RUN ORGANIZER: TT9 BODY
Press date:
Project description:
Project leader(s):
Telephone No:

Oct. 26, 27, and Nov. 2, 2009
Test Targets 9.0 Body
Robert Chung, Franz Sigg, and
Fred Hsu
(585) 475-2722 (Bob)
(585) 475-6878 (Fred)
(585) 475-6167 (Franz)

Printing description: (1) Print all SM74 signatures to ISO 12647-2; (2)
Print TT9 cover; (3) Print Kodak Prosper 5000XL press signatures to its calibarted
printing conditions; (4) Pick up NexPress printed signatures.
Product description: (1) Ten 8-page signatures of text printed by SM74;
(2) Cover printed by SM74; (3) One 4-page signatures by Kodak Prosper 5000XL press;
(4) One 4-page signature of dimensional printing by Kodak NexPress; (5)
4,000 to bindery; quantity delivered: 3,500.

Today's date/time:

10/15/09
Production Notes / Quality Assurance

PREPRESS
Signature contents:
Image resolution:
Color control bar:

(see description at right)
300 ppi
RIT Color Control Bar
plus local color bar

PROOF
Manufacturer: HP
Brand: Designjet 5500 ps (Content only)

Collaboraters:
Kodak Prosper 5000XL Press: Russ Tobias and Steve Dilullo
NewPage: Jim Niemiec and Eric Johnson
SM74 signature layout:

RIP/PLATE
Kodak Prinergy 4; 150 lpi AM
Manufacturer: Kodak VLF
2400 dpi
Brand: KPG (12mil); thermal Gold
PRESS
Brand:
Size (max):
FOUNTAIN SOL'N
Manufacturer:
Brand:
BLANKET
Manufacturer:
Brand:
Packing:
INK
Manufacturer:

Heidelberg 6-color SM 74
20" x 29" (max)
3% Alkaless 3000
3% Prisco 2451 per gallon

Day International 3000
Patriot (77 mil, 4 ply, compressible
0.006" over bearer (all units)
Superior Biolocity

*Quantity:
50,000
Brand: NewPage / Sterling Ultra Gloss
Basis weight /Size: 80# Text, 19x25, grain long
CIELAB:
PRINTING
Reference: ISO 12647-2
Ink-down sequence: KCMY
CIELAB: K: (16, 0, 0)
M: (48, 74, -3)
(Tol.: 5 E ab ) C: (55, -37, -50) Y: (89, -5, 93)
%TVI at 50% dot area: K: 17
M: 14
(Tol: 4%) C: 14
Y: 14
Print Speed 7,000 iph
Other notes

SM74 calibration schedule:
Run_1: April 30 and May 4, 2009
Run_2: August 4-5, 2009

Production schedules:
Cover press run by SM74:
Body by SM74:
GVI (Offset vs. Inkjet):
Dimensional printing by NexPress:
Bindery by Riverside:
Finished book delivery:
PIC Fall Meeting:

Oct. 22, 2009
Oct. 26, 27, and Nov. 2, 2009
Oct. 22-30, 2009
Oct. 26-30, 2009
Nov. 4, 2009
Nov. 13, 2009
Nov. 19-20, 2009

PAPER

* Paper quantity estimated:
(4000+1000) sheets/sig x10 sig
Distribution:
Kodak Prosper 5000XL press
Paper donor (NewPage)
NexPress+Henry Freedman
PIC members (10); 40 each
RIT/Sloan
RIT/PAL
Partners (X-Rite, Alwan, CHRMiX, Superior Inks, QEA)
RIT/SPM (send 100 to Cary Press)

800
100
100
400
200
400
400
1,100

Total: 3,500
ICC PROFILE

ISOcoated_v2_eci.icc
Process control (SM74): X-Rite IntelliTrax

Additional Notes
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PHOTO CREDITS
Altona Girl, pp. 58, 59, 61, and 66, as well as the composite test form, p. 65 and on p. 71 are from Altona Test Suite
1.2a, Images 21, 22, 24, and 25, by BVDM/Eci/ugra/FOGRA , published by Print & Media Forum AG. Vegetables,
top right, pp. 58, 59, and 61 by Patricia Russott i. Images used in the high-key, average, and low-key pictorial color
references, pp. 51, 52, 66, 72, and in the article by Angelica Li are from Photodisc by Gett y Images, and are used in
accordance with its License Agreement: Royalty Free; exceptions are Flowers by Nicole Murtagh and Knife by Robert
Luessen, which were produced for Image Processing WorkFlow, a course taught at RIT, fall quarter, 2008-2009 academic year and are used with permission. SCID N4A and SCID N7A are from ISO 12640-2:2004 Graphic technology
– Prepress digital data exchange – Part 2: XYZ/sRGB encoded standard colour data (XYZ/SCID). Colorful Kyoto, pp.
58, 59, 61, 65, and 70 by Jim Shyu. Dali Temple, bottom pp. 65 and 70 by Robert Chung. Dimensional target and side
view of dimensional printing (located within pp.15–18), copyright 2009 by Henry B. Freedman (all rights reserved),
used courtesy of Technology Watch.
All images in Test Targets 9.0, including photographs, test targets, test forms, graphs, and charts, are copyrighted by
the authors unless otherwise indicated. Anyone interested in reuse, reproduction, or modification for print or electronic media must contact the author and the School of Print Media for expressed permission. Contact information
is provided at the beginning of each article and with the author’s biography. Authors in this publication have given
RIT the right to use their articles in Test Targets 9.0 free of charge for educational purposes.

PRODUCTION NOTES
Typefaces used in this publication are Avenir and Arno Pro.
Manuscript creation and editing handled in Microsoft Office 2008.
Graphics creation and manipulation, content layout and pagination, and color management processed
using Adobe Creative Suite 4.
Cover printed on the Heidelberg Speedmaster SM 74 sheet-fed press at RIT’s Printing Applications
Laboratory on 100# NewPage Sterling Ultra Gloss Cover.
Body printed on the Heidelberg Speedmaster SM 74 sheet-fed press at RIT’s Printing Applications
Laboratory on 80# NewPage Sterling Ultra Gloss Text.
Pages 15–18 printed on the Kodak NexPress S3000 Digital Production Color press at RIT’s Printing
Applications Laboratory on 80# NewPage Sterling Ultra Gloss Text.
Pages 59–62 printed on the Kodak Prosper 5000XL press (supplied by Eastman Kodak Company).
Publication Smyth-sewn bound by the Riverside Group in Rochester, NY.
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